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ABSTRACT
T his  s tu d y  c o n s id e re d  the  r e c e iv in g  s t re a m  as  an i n t e g r a l  p a r t  
o f  th e  b io - o x i d a t i o n  pond method o f  t r e a tm e n t  w ith  th e  o b je c t i v e  be ing  
to  p ro v id e  a b e t t e r  u n d e r s ta n d in g  o f  th e  b i o - o x i d a t i o n  pond - r e c e iv in g  
s t re a m  system . As r e p r e s e n t a t i v e  o f  t h i s  " r e a l  w orld"  s i t u a t i o n  w ith  
a l l  o f  i t s  v a r i a b l e s ,  f i v e  e x i s t i n g  c e n t r a l  Oklahoma b io - o x i d a t i o n  
ponds which had d iv e r s e  lo a d in g s  and d e s ig n s  were u t i l i z e d .  By o b s e rv ­
ing  th e s e  system s under v a ry in g  c l i m a t i c  c o n d i t i o n s ,  th e  e f f e c t s  o f  th e  
b io - o x i d a t i o n  pond n u t r i e n t s  a lo n g  w ith  o th e r  p o l l u t i o n a l  p a ram e te rs  
which were d is c h a rg e d  i n t o  i n t e r m i t t e n t  r e c e i v i n g  s tream s were e v a lu a te d .
Except f o r  s c o u r in g ,  b io - o x i d a t i o n  ponds and b i o - o x i d a t i o n  pond - 
r e c e iv in g  s tream s were found to  behave e s s e n t i a l l y  th e  same as the  s tream s 
became a c o n t in u a t io n  o f  th e  pond. I n  a d d i t i o n  to  making b iochem ica l 
a d ju s tm e n ts ,  the  s tream s  l o s t  much o f  t h e i r  b i o l o g i c a l  i d e n t i t y  and 
assumed c h a r a c t e r i s t i c s  more c l o s e l y  a s s o c ia t e d  w i th  th e  b i o l o g i c a l  
lo a d in g s  from the  pond e f f l u e n t .  The most p e r s i s t e n t  a lg a e  i n  the  system s 
were th e  f l a g e l l a t e s  (E ug lenophy ta)  and th e  b lu e -g r e e n  a lg a e  (Cyanophyta) 
as th e s e  p l a n k te r s  had l i t t l e  d i f f i c u l t y  making th e  t r a n s i t i o n  from 
t h e i r  a c c l im a te d  l i f e  i n  th e  pond to  th e  s tream .
The long  e s t a b l i s h e d  c r i t e r i a  f o r  e v a lu a t in g  w as te  t r e a tm e n t  t e c h ­
n iq u e s  ( c o s t  a n a ly se s  based  on p e r c e n t  removal o f  s o lu b le  b iochem ica l 
p a ra m e te rs )  ex c lu d es  any r e g a rd  f o r  th e  c o n v e rs io n  o f  mass o r  s h u f f l i n g
o f  c o n s t i t u e n t s  which ta k e s  p la c e  w i th in  th e  system . In  o rd e r  to
i i i
e q u i t a b ly  make an economic com parison betw een th e  b i o - o x i d a t i o n  pond and 
the  o th e r  c o n v e n t io n a l  sewage t r e a tm e n t  p r o c e s s e s ,  more a t t e n t i o n  must 
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RECEIVING STREAMS RESPONSE TO EFFLUENT 
FROM BIO-OXIDATION PONDS
CHAPTER I  
INTRODUCTION
E d u c a to r s ,  em p loyers ,  governm ental o f f i c i a l s  and th e  g e n e ra l  p u b l i c
a r e  i n c r e a s i n g l y  e v id e n c in g  a g r e a t e r  aw areness  t o  s t r e a m  s a n i t a t i o n  and
w as te  t r e a tm e n t .  Words such as " e u t r o p h i c a t i o n " ,  "w a te r  q u a l i t y  s t a n d a r d s " ,
" in - s t r e a m "  c o n d i t i o n s ,  and o th e r  term s w hich w ere ,  i n  th e  n o t  too  d i s t a n t
p a s t ,  spoken o n ly  in  t e c h n ic a l  g ro u p s ,  a r e  now a p p e a r in g  f r e q u e n t ly  i n
newspaper e d i t o r i a l s  and p u b l i c  sp e e c h e s .  T here  i s  a  g e n e ra l  co n ce rn  f o r
w a te rc o u rs e  improvement and more emphasis i s  b e in g  p la c e d  on p ro v id in g
ad eq u a te  w as tew a te r  t r e a tm e n t .  Oklahoma i s  an e x c e l l e n t  example o f  a
s t a t e  where t h e r e  i s  a c o n c e r te d  e f f o r t  to  a b a te  p o l l u t i o n  and where t h e r e
i s  a  w id e - s p re a d  and in c r e a s in g  u se  o f  a p a r t i c u l a r l y  econom ical and u s e -
1
f u l  d e v i c e ,  th e  b i o - o x i d a t i o n  pond f o r  c o m p le te ,  seco n d a ry ,  o r  t e r t i a r y  
w a s te w a te r  t r e a tm e n t .  The i n f l u e n t  w a s te w a te r ,  red u ced  i n  volume by 
e v a p o r a t io n  and seep ag e ,  i s  r e tu r n e d  to  th e  s t re a m ,  e s s e n t i a l l y  g r e a t l y  
reduced  i n  b io - d e g r a d a b le  s t r e n g t h ,  b u t  s t i l l  r e q u i r i n g  d i l u t i o n .  I n
b i o - o x i d a t i o n  pond i s  an impoundment f o r  n a t u r a l  s t a b i l i z a t i o n  
o f  l i q u i d  w a s te s  th rough  th e  sym bio t ic  a c t i o n  o f  b a c t e r i a  and a lg a e .
They a r e  sometimes r e f e r r e d  to  as  sewage la g o o n s ,  o x id a t io n  ponds, w as te  
s t a b i l i z a t i o n  ponds , p o l i s h i n g  po n d s , o r  p h o to s y n th e s i s  ponds.
Oklahoma and r e l a t e d  a r e a s  where i n t e n s i f i e d  r e - u s e  o f  s trearaw ater  i s  a 
c e r t a i n t y  i n  th e  f u t u r e ,  th e  reduced  flows a v a i l a b l e  as  s tream  d i l u t i o n  
w a te r  w i l l  be more and more a t  a premium. The p r o g n o s t ic a te d  c o n d i t io n s  
o f  c o n g e s t io n  demand a b e t t e r  u n d e rs ta n d in g  o f  th e  b e h a v io r  and impact 
o f  th e s e  t r e a t e d  pond e f f l u e n t s  upon th e  r e c e iv in g  l o t i e  env ironm ent,  as 
t h i s  i s  e s s e n t i a l  i n  e v a l u a t i n g  any w a te r  r e s o u r c e  system  and s e le c te d  
t r e a tm e n ts .
A com parison  o f  removal e f f i c i e n c i e s  f o r  th e  v a r io u s  o th e r  conven­
t i o n a l  p ro c e s s e s  a v a i l a b l e  to  t h a t  o f  th e  b i o - o x i d a t i o n  pond i s  shown in  
Table  1. P r e s e n t  t r e a tm e n t  o f  dom estic  w as te s  a b a te s  fo r  th e  most p a r t ,  
p a th o g en ic  organ ism s and oxygen demanding o rg a n ic  lo a d s .  D esp i te  some 
c a t e g o r i c a l  r e d u c t i o n s ,  th e  f i n i s h e d  e f f l u e n t  c o n ta in s  s o lu b le  m a t e r i a l s ,  
. t o t a l  d i s s o lv e d  s o l i d s  (TDS), which a re  n o t  r e a d i l y  amenable to  conven­
t i o n a l  sewage t r e a tm e n t  p r a c t i c e s .  These m a t e r i a l s  p ro v id e  a n u t r i t i o u s  
so u rce  o f  n i t r o g e n  (N), and phosphorous ( ? ) ,  and cou ld  promote l a t e n t  
b i o l o g i c a l  a c t i v i t y  w i t h i n  th e  r e c e iv in g  w a te r s ,  c a l l e d  n u t r i t i o n a l  p o l ­
l u t i o n .
TABLE 1
A COMPARISON OF REMOVAL EFFICIENCIES FOR VARIOUS 
CONVENTIONAL MUNICIPAL SEWAGE TREATMENT PROCESSES
TREATMENT PROCESS SOLIDS
PERCENT (%) REMOVAL 
ORGANIC NUTRITIONAL BACTERIOLOGICAL
TDS SS BOD N P COLIFORMS
T r i c k l in g  F i l t e r  
A c t iv a te d  Sludge 



















R esearch  i n  th e  f i e l d  o f  w as tew ate r  t r e a tm e n t  has  s h i f t e d  from con­
s i d e r i n g  o rg a n ic  oxygen d e p l e t i n g  su b s ta n c e s  as  a main removal o b j e c t i v e .
to  an emphasis on n u t r i e n t s .  T h is  has  been  th e  c a s e  w i th  b lo - o x l d a t l o n  
ponds, the  s u b je c t  o f  t h i s  s tu d y .  T ab le  1. I l l u s t r a t e s  the  s t r i k i n g  
d i f f e r e n c e  In  n i t r o g e n  and phosphorous rem ovals  by th e  b lo - o x l d a t l o n  
pond as com parled to  th e  o th e r  b i o l o g i c a l  t r e a tm e n t  p r o c e s s e s .  B lo-  
o x ld a t lo n  ponds may be as  much as 40-50 p e r  c e n t  more e f f i c i e n t  In  removing 
N and P becau se  ca rb o n  I s  n o t  l i m i t i n g .  C o n seq u en t ly ,  t h e i r  o p e r a t io n  has 
been  s u b je c te d  to  I n te n s e  s tu d y  s in c e  th e  f i r s t  en g in ee red  pond In  th e  
l a t e  f o r t i e s  and a w orking  knowledge o f  o p e r a t in g  c o n d i t io n s  has  evolved  
th rough  b o th  macro and m icro  r e s e a r c h  on e x i s t i n g  and s im u la te d  bench- 
s c a l e  ponds. The s t u d i e s  to  d a t e ,  a l l  have th e  common denom inator  o f  
v iew ing  b l o - o x l d a t l o n  ponds as s e l f - c o n t a in e d  e n t i t l e s .
The in f lu e n c e  o f  th e  b l o - o x l d a t l o n  t r e a tm e n t  and w as te  d i s p o s a l  
method does n o t  end a t  th e  pond, e x c e p t  I n  th e  c a s e  o f  th e  com plete  
r e t e n t i o n  system  ( r e t e n t i o n  time = » ) . In  most c a se s  a d ra in a g e  e x i s t s  
which c o n ta in s  w ho lly  o r  i n  p a r t  the  e f f l u e n t ,  which f u r t h e r  a l t e r s  In  
c h a r a c t e r  w i th  tim e and d i s t a n c e ,  so th e  pond and th e  r e c e iv in g  s tream  
bo th  work to  Improve th e  q u a l i t y  o f  th e  w a s te .  I n  f a c t ,  th e  pond and 
r e c e iv in g  s tre a m  should  be t r e a t e d  as a s i n g l e  system  w ith  th e  d e v e lo p ­
ment o f  an  o p t im a l ,  and n o t  m ere ly  a s e q u e n t i a l  r e l a t i o n s h i p .
The system  as shown In  F ig u re  1 ,  i s  s c h e m a t ic a l ly  s i m p l i f i e d .  I t  
I s  p r e s e n te d  In  g r e a t e r  d e t a i l  In  th e  fo l lo w in g  s e c t i o n ,  however, f o r  
i n i t i a l  I l l u s t r a t i v e  p u rp o s e s ,  th e  sewage I n f l u e n t  (Qq) I s  c h a r a c t e r i z e d  
by I t s  b io c h e m ic a l  oxygen demand (BODo), n i t r o g e n  (N^)> phosphorous (P q ) ,  
and b a c t e r i a l  f l o r a  (B o ) .  The e f f l u e n t  (Q%) which rem ains a f t e r  l o s s e s  
due to  e v a p o ra t io n  and seep ag e ,  h a s .  In  a d d i t i o n  to  th e  o th e r  p a ra m e te rs ,  
p la n k to n  (Pk%), which I s  d is c h a rg e d  I n to  a s i m i l a r l y  I d e n t i f i e d  s tream .
The downstream volume (Q^) i s  com prised o f  the  e f f l u e n t  p lu s  th e  s t r e a m 's  
volume w ith  unknown chem ica l and b i o l o g i c a l  c h a r a c t e r i s t i c s .  The g re e n ­
i s h ,  p la n k to n  la d e n  e f f l u e n t  i s  ev idence  t h a t  much more o ccu rs  w i th i n  a 
b io - o x i d a t i o n  pond th a n  s im ple  s e t t l i n g  and th e  c a rb o n ,  n i t r o g e n ,  and 
phosphorous removal as d e te c te d  i n  l i q u i d  e f f l u e n t .  There i s  a d e f i n i t e  
mass c o n v e rs io n  which i s  passed  on th e  r e c e iv in g  w a te r s .





SEWAGE (Q ) — BIO-OXIDATION
POND







Where: BOD = 0 . 1  bod BOD„
n : = 0 .5  N
p
B
= 0 .5  P° 
= 0 .05  B°
— STREAM (Qg)
: :
Q < Q o  °
QgC???)
F ig u re  1. B io - o x id a t io n  Pond — R ece iv in g  S tream  System
I n  th e  S o u th w es t ,  e v a p o ra t io n  i s  h ig h  and i n t e r m i t t e n t  s t ream  
flows p ro v id e  minimum d i l u t i o n  f o r  th e  pond e f f l u e n t .  I n  r e c o g n iz in g  
t h i s  s i t u a t i o n ,  i t  i s  th e  purpose  o f  t h i s  s tu d y  to  c o n s id e r  th e  i n f l u ­
ence and f a t e  o f  th e  n u t r i e n t s ,  b iodegradab le-oxygen-dem and ing  c o n s t i t ­
u e n t s ,  and b i o l o g i c a l  c o n c e n t r a t i o n s  rem ain ing  i n  th e  e f f l u e n t  once they  
a re  r e l e a s e d  to  th e  s t re a m ,  th u s  p ro v id in g  a b e t t e r  u n d e rs ta n d in g  o f  the  
B io -o x id a t io n  pond-R ece iv ing  S tream  System. The two components o f  t h i s
system  can  be i d e n t i f i e d  and c h a r a c t e r i z e d  i n d i v i d u a l l y  th rough a s tu d y  
o f  the  s t a t e  o f  th e  a r t .
S t a t e  o f  th e  A rt
B io - o x id a t io n  Pond 
As compared to  th e  o th e r  w a s te w a te r  t r e a tm e n t  p ro c e s s e s  a v a i l a b l e ,  
c o n s t r u c t io n  c o s t s  f o r  b i o - o x i d a t i o n  ponds a r e  m in im al.  They r e q u i r e  
v e ry  l i t t l e  a t t e n t i o n ,  th u s ,  o p e r a t i o n  and m a in tenance  c o s t s  a r e  low.
The low t o t a l  c o s t s  make them f i n a n c i a l l y  a t t r a c t i v e  to  the  sm all  
so u th w e s te rn  c i t y  faced  w i th  th e  p roblem  o f  p ro d u c in g  an a c c e p ta b le  
e f f l u e n t  t h a t  can be r e l e a s e d  to  s u r f a c e  w a te r s .
Thorough s t u d i e s  on th e s e  ponds, s in c e  t h e i r  r e c e n t  i n t r o d u c t i o n ,  
have c o n t r i b u t e d  tow ard a b e t t e r  u n d e r s ta n d in g  o f  th e  p h y s i c a l ,  ch e m ic a l ,  
and b i o l o g i c a l  p ro c e s s e s  which ta k e  p la c e  when d o m e st ic  w as tew a te r  
(sewage) i s  r e t a i n e d  f o r  n a t u r a l  s t a b i l i z a t i o n .  U n tre a te d  sewage co n ­
t a i n s  a r i c h  and f r e q u e n t ly  im balanced  s o u rce  o f  n u t r i e n t s  i n  b o th  
macro and m icro  l e v e l s ,  and i s  c a p a b le  o f  s u p p o r t in g  p la n k to n ic  and 
o th e r  m ic ro sc o p ic  g row th . I t  h as  been  shown t h a t  s t a b i l i z a t i o n  o f  
sewage i s  accom plished  w i th i n  a b i o - o x i d a t i o n  pond th rough  th e  sym­
b i o t i c  a c t i o n s  o f  h e t e r o t r o p h i c  and a u t o t r o p h ic  b a t e r i a  and a lg a e  
(Oswald, 1957).
S o lu b le  o rg a n ic  m a t t e r  i s  reduced  to  c e l l u l a r  c o n s t i t u e n t s  and 
energy . As c e l l  growth i n c r e a s e s ,  n i t r o g e n ,  phosphorous  and o th e r  
e lem en ts  a r e  in c o rp o r a te d  i n t o  th e  c e l l .  C arbonaceous m a te r i a l  i s  
u t i l i z e d  as  an  energy  so u rce  w i th  th e  r e s u l t a n t  b y -p ro d u c ts  o f  ca rbon  
d io x id e  (COg) and s h o r te n e d  ch a in e d  carb o n aceo u s  m a t e r i a l s .  Pho tosyn -
t h e t i c  p la n k to n ic  o rgan ism s (a lg a e )  u t i l i z e  th e  CO  ^ r e l e a s e d  by the  
b a c t e r i a ,  m a in ta in  t h e i r  own n u t r i t i o n a l  b a l a n c e ,  produce  a d d i t i o n a l  
a l g a l  c e l l s ,  and in  th e  p r o c e s s ,  l i b e r a t e  m o lecu la r  oxygen (Og). This 
sy m b io t ic  r e l a t i o n s h i p  i s  d i a g r a m a t i c a l ly  s i m p l i f i e d  i n  F ig u re  2.
COq
E n t r g y
c a l l s - - B A C T E R I A  ^ = N U T R I E N T S % ^  A L G A E  4 - * c . l l ,
F ig u re  2, B a c t e r i a  - A lgae Symbiosis I n  a B io - o x id a t io n  Pond
As t h i s  c y c l i c  d eco m p o si t io n  scheme p ro c e e d s ,  th e  b io c h em ic a l  
oxygen demand (BOD) i s  reduced  and biomass growth i s  p r o l i f i c .  I f  
one were to  a t te m p t  an in p u t - o u tp u t  b a la n c e  on a b i o - o x i d a t i o n  pond, 
th e  r e s u l t s  cou ld  be p i c t o r i a l l y  r e p r e s e n t e d  as F ig u re  3. V a r ia t io n s  
in  c l i m a t i c  c o n d i t io n s  cau se  th e  m ajor f l u c t u a t i o n s  i n  pond perfo rm ­
ance .  S o i l  c o n d i t i o n s ,  s u n l i g h t ,  and l i t t o r a l  v e g e t a t i o n  may be 
c o n s id e re d  c o n s t a n t s  i f  a long  enough time i n t e r v a l  i s  p la c e d  on th e  
system , so t h a t  s e a s o n a l  e f f e c t s  o f  c l i m a t i c  v a r i a b l e s  may be con­
s id e r e d  p a ra m e te r s .  T h is  i s  u s u a l l y  p o s s i b l e  b ecause  o f  th e  long 
r e t e n t i o n  tim es  w i th in  th e  ponds. C l im a t ic  c o n d i t i o n s ,  which a re  
s e a s o n a l ly  in d u c ed ,  have b o th  d i r e c t  and i n d i r e c t  e f f e c t s  on pond
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FIGURE 3; SOURCES OF GAINS AND LOSSES (INPUT-OUTPUT) FOR A BIO-OXIDATION POND MASS BALANCE,
8b e h a v io r .  Wind a c t io n s  a f f e c t  oxygen and o th e r  gas t r a n s f e r s ,  a long  
w ith  hav ing  a d i r e c t  in f lu e n c e  on e v a p o ra t io n .  E v a p o ra t io n  te n d s  to  
c o n c e n t r a te  d i s s o lv e d  m a t e r i a l  where r a i n f a l l ,  even though i t  c o n ta in s  
some p a r t i c u l a t e  m a t t e r  and d i s s o lv e d  g a s s e s ,  d i l u t e s  th e  ponds c o n te n t s .  
The major i n f lu e n c e  o f  th e s e  e x t e r n a l  f a c t o r s ,  as w i l l  be seen  l a t e r ,  
i s  one o f  govern ing  th e  e x t e n t  o f  mass c o n v e r s io n ,  which i n i t i a l l y  i s  
dependent on th e  n a t u r e  o f  th e  raw sewage.
The r e l a t i v e  c o n c e n t r a t i o n s  o f  n u t r i t i o n a l  e lem en ts  i n  raw sewage 
have been  s t e a d i l y  chang ing  over  th e  y e a r s .  Average r a t i o s  o f  carbon 
(C) to  n i t r o g e n  (N) to  phosphorous (P) (C/N/P) which once w ere 6 0 /7 /1  
i n  raw dom estic  sewage, a r e  now ap p ro x im ate ly  1 4 /2 /1 ,  due to  i n c r e a s in g  
d is c h a rg e  o f  d e t e r g e n t s  c o n ta in in g  phophates  (R eid , e t  a l . ,  1967).
The overabundance o f  n u t r i e n t s  becomes a p p a re n t  when c o n s id e r in g  the  
BOD/n/P  com bining r a t i o ,  p roposed f o r  i d e a l  b i o l o g i c a l  a s s i m i l a t i o n ,  i s
100 /6 /1  (Helmers, e t  a l . ,  1951). I t  fo llow s t h a t  th e  oxygen demand
i s  g r e a t l y  re d u c e d ,  b u t  th e  b iom ass i s  in c re a s e d .  From an in p u t - o u tp u t  
b a la n c e ,  th e r e  i s  m ere ly  a " s h u f f l i n g "  o f  e lem ents  and l i t t l e  n e t  
change. The lo s s e s  w i th i n  a b i o - o x i d a t i o n  pond a r e  due to  r e t a in e d  
s e t t l e a b l e  and p r e c i p i t a t e d  s o l i d s  ( s in c e  s ludge  i s  n o t  p h y s i c a l l y  removed, 
th e se  l o s s e s  a r e  m inimal as  many o f  th e se  s o l i d s  undergo a d d i t i o n a l  
s t a b i l i z a t i o n  then  become a c c o u n ta b le ) ,  and l i m i t e d  lo s s e s  due to  s e e ­
page, l i t t o r a l  v e g e t a t i o n ,  and a tm ospheric  t r a n s f e r .  Net g a i n s ,  as w i l l  
be seen l a t e r  can a l s o  o c c u r ,  due to  a r e l a t i v e  overabundance o f  p h o s ­
phorous ( P ) , r e l a t e d  to  n i t r o g e n  (N) and carbon  (C) and th e  p o s s i b i l i t y
o f  adding  N from th e  a tm osphere  and C from p h o to s y n th e s i s .
H euke lek ian  (1960) observed  th e  p h o to s y n th e t ic  t r a n s f e r  o f  such
in o rg a n ic  m a t e r i a l s  as  ammonia, p h o sp h a te ,  and CO^ in to  c e l l u l a r  m a t e r i ­
a l ,  and f e l t  t h a t  a lg a e  shou ld  be la b e le d  " p ro d u c e rs "  r a t h e r  than  
" d e s t r o y e r s "  o f  o rg a n ic  m a t t e r .  T h is  p o i n t  may be i l l u s t r a t e d  by th e  
fo llo w in g  r e c e n t  example. A f te r  a y e a r  o f  p e r io d i c  sam pling on a s in g l e  
c e l l  b io - o x i d a t i o n  pond in  Iowa, Raschke (1970) r e p o r te d  maxium p e r  c e n t  
r e d u c t io n s  i n  t o t a l  and v o l a t i l e  s o l i d s  o f  30 and 39 p e r  c e n t  r e s p e c t i v e ­
l y ;  however, ex am in a t io n  o f  h i s  d a t a  r e v e a l s  t h a t  n e t  i n c r e a s e s  i n  t o t a l  
and v o l a t i l e  s o l i d s  th rough  th e  pond were 38 and 31 p e r  c e n t  r e s p e c t i v e ­
ly ,  and o c c u r re d  p red o m in a te ly  in  th e  summer and f a l l ,  c o n c u r r e n t ly  w ith  
maximum a l g a l  c o n c e n t r a t i o n s .  The l i t e r a t u r e  abounds w ith  d i s c u s s io n s  
on r e d u c t io n s  i n  d i s s o lv e d  and s o lu b le  m a t e r i a l s  w i th in  a b i o - o x i d a t i o n  
pond, b u t  what most r e s e a r c h e r s  f a i l  to  c o n s id e r  i s  t h a t  th e s e  m a t e r i a l s  
a r e  n o t  t r u l y  removed, b u t  s im ply  d is c h a rg e d  i n  a d i f f e r e n t  form.
The i d e a l  u l t i m a t e  s o l u t i o n  would be h a r v e s t i n g  the  a l g a l  c ro p ;  
th u s ,  removing t h i s  biomass from th e  e f f l u e n t  b e fo re  i t  r e a c h e s  the  
r e c e iv in g  w a te r s .  I n  e x p e r im e n ta l  fe e d in g  o f  h a r v e s te d  sewage-grown 
a lg a e  (p red o m in an tly  Scenedesmus and C h l o r e l l a ) . H in tz ,  e t  a l . ,  (1966) 
have shown t h a t  th e s e  a lg a e  c o n ta in e d  over  f i f t y  p e r  c e n t  c rude  p r o t e i n  
p lu s  s i g n i f i c a n t  amounts o f  phosphorous, ca lc ium , c a r o t e n e s ,  and t r a c e  
m in e r a l s .  The problems a s s o c ia t e d  w i th  h a r v e s t i n g  a lg a e  a re  e v id e n t  i n  
t h a t  i t  must be c o n c e n t r a te d ,  d ew a te red ,  and d r i e d  b e fo re  i t  can  be 
s to r e d  and h a n d le d ,  p ro c e s s e s  g e n e r a l ly  too ex p en s iv e  fo r  sm all i n s t a l ­
l a t i o n s  where b i o - o x i d a t i o n  ponds a r e  u sed .
S ince  a l g a e ,  a t  p r e s e n t ,  i s  n o t  amendable to  econom ical h a r v e s t ­
ing  te c h n iq u e s ,  i t  i s  in c lu d ed  in  th e  e f f l u e n t  b u t  n o t  counted  in  the
c a l c u l a t i o n  o f  th e  pond e f f i c i e n c y  in  removing BOD, N, and P. Upon
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le a v in g  th e  pond, th e s e  o rgan ism s have to  a d j u s t  to  an ecosys tem  w i th in  
the  s tream  which in c lu d e s  d i f f e r e n t  h y d r a u l i c  and s o i l  c o n d i t i o n s ,  l i t ­
t o r a l  s h a d in g ,  and ch em ica l  and b i o l o g i c a l  q u a l i t y  v a r i a t i o n s .
Streams
There  a r e  many c h a r a c t e r i s t i c s  which make s tre a m s  q u i t e  d i f f e r ­
e n t  from b i o - o x i d a t i o n  ponds. The te m p e ra tu re  i n  a s t re a m  c l o s e l y  f o l ­
lows th e  a i r  te m p e ra tu re  where th e  te m p e ra tu re  i n  a pond w i l l  l a g ,  and n o t  
respond a b r u p t ly  to  am bien t changes .  A nother f e a t u r e  un ique  to  a s tream  
i s  th e  c u r r e n t  and flow  i s  i n  one d i r e c t i o n .  I n  e f f e c t ,  a l l  p h y s i c a l ,  
c h em ica l ,  and b i o l o g i c a l  c o n d i t io n s  g r a d u a l ly  change w ith  d i s t a n c e  w i th  
suspended o r  d i s s o lv e d  m a t e r i a l s  b e in g  t r a n s p o r t e d  downstream unab le  to  
r e t u r n .
Stream s a r e  dynamic and c o n t in o u s ly  chang ing  p h y s i c a l  f e a t u r e s  
because  o f  f r i c t i o n  and r e s u l t a n t  e r o s io n .  I n  e l e v a t i o n  v iew  th e  v e r ­
t i c a l  v e l o c i t y  g r a d i e n t  w i t h i n  a s tream  i s  s e m i - p a r a b o l i c  i n  shape w ith  
th e  low es t  v e l o c i t y ,  due to  f r i c t i o n ,  b e in g  a t  th e  bo ttom  o f  th e  chan ­
n e l .  I n  p la n  v iew  th e  s t ream  assumes c o n f i g u r a t i o n  commonly c a l l e d  
m eanders ,  which Leopoid  and Langbien  (1966) d e s c r ib e d  as s in e - g e n e r a te d  
cu rv es  which r e s u l t  when a s t re a m ,  b ecause  o f  t o t a l  f r i c t i o n ,  w ants to  
change d i r e c t i o n s  i n  a manner which c o n se rv es  th e  m ost energy  and 
m inim izes  t o t a l  work.
The n a t u r e  o f  th e  channe l bo ttom  and th e  v e l o c i t y  o f  f low  d e t e r ­
mine n o t  o n ly  th e  c h a r a c t e r  and r a t e  o f  e r o s io n  and su bsequen t sed im ent 
t r a n s p o r t ,  b u t  l a r g e l y  in f l u e n c e  th e  b i o t i c  d i s t r i b u t i o n .  S e l e c t iv e  
and n o n -u n ifo rm  d e g r a d a t io n  o f  bo ttom  m a te r i a l s  i n  a  sm all s t ream  c r e a t e s  
a l t e r n a t i n g  po o ls  and r i f f l e s  which p ro v id e  two d i s t i n c t  ty p e s  o f
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h a b i t a t s .  S in ce  a v a i l a b i l i t y  o f  b a s i c  food m a t e r i a l s  i s  a m ajor f a c t o r  
c o n t r o l l i n g  b i o l o g i c a l  p r o d u c t i v i t y ,  the  h a b i t a t  and b i o t i c  d i s c u s s io n  
which fo llow s i s  o f  a g e n e r a l  n a t u r e  c o n f in e d  to  s tream s  which a re  sm all 
and n o t  s u b je c t  to  n u t r i t i o u s  p o in t  lo a d s ,  as t h i s  w i l l  be d i s c u s s e d  l a t e r .
Poo ls  and a re a s  where s t ream  v e l o c i t y  i s  reduced  p redo m in an tly  
p ro v id e  a h a b i t a t  f o r  r o o te d  a q u a t i c  p l a n t s ,  a t t a c h e d  f i la m e n to u s  a lg a e ,  
and th e  h ig h e r  a q u a t i c  an im a ls  such as  f i s h .  The r i f f l e s ,  on th e  o th e r  
hand, e x h i b i t  a h a b i t a t  a lm o s t  e x c l u s i v e ly  f o r  b e n th ic  an im als  as th e  
h ig h e r  v e l o c i t y  n o t  o n ly  p ro v id e s  co n t in u o u s  conveyance o f  food m a t e r i a l s ,  
b u t  gas t r a n s f e r s  a re  a c c e l e r a t e d  a t  th e  l i q u i d - a i r  i n t e r f a c e  o f  th e  r i f f l e ,  
w i th  r e s u l t a n t  in c re a s e d  oxygen a d s o r p t io n  to  meet th e  z o o -b e n th ic  oxygen 
demand.
P lan k to n  i s  n o t  t y p i c a l l y  found abundant in  s tream s  and in  some 
in s ta n c e s  i t  may be  c o m p le te ly  a b s e n t .  When p la n k to n  i s  p r e s e n t ,  the  
p h y to p la n k to n  most f r e q u e n t ly  c o n s i s t s  o f  d ia tom s and g reen  a l g a e ,  r o t i ­
f e r s  and p ro to z o a  b e in g  th e  p r i n c i p a l  z o o - p l a n k t e r s .
Streams depend on th e  s u r ro u n d in g  w a te rsh ed  a r e a ,  n o t  o n ly  fo r  
flow  c o n t r i b u t i o n s ,  b u t  a lm o s t  e n t i r e l y  f o r  n u t r i t i o n a l  s u b s i s t e n c e .
Land-use  p r a c t i c e s  on th e  w a te rsh ed  l a r g e l y  govern th e  n a tu re  and 
c o n c e n t r a t i o n s  o f  b a s i c  food m a t e r i a l s  which e n t e r  th e  s t re a m  and , 
c o n s e q u e n t ly ,  th e  s t re a m  must sometimes cope w i th  red u n d an t o r  v e s t i g i a l  
m a te r i a l s  and o th e r  s o u rc e s  o f  n u t r i t i o n a l  p o l l u t i o n .
R e c e iv in g  S tream s (Systems)
I n  th e  b r o a d e s t  s e n s e ,  a l l  s tream s co u ld  p ro b ab ly  be c o n s id e re d  
r e c e iv in g  s tream s  b eca u se  o f  th e  im p u r i t i e s  which a r e  acc rued  d u r in g  
t r a v e l  from th e  s t r e a m 's  h ead w ate rs  to  i t s  mouth; how ever, i n  w a te r
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p o l l u t i o n  c o n t r o l  th e  te rm  i s  re s e rv e d  fo r  th o s e  s tream s  which r e c e iv e  
d i s c r e t e  c o n t r o l l a b l e  p o i n t  lo a d s  such as sewage.
A h e a l th y  s tre a m  h as  been  d e s c r ib e d  as  one In  which " th e  b lo -d y -  
namlc c y c le  I s  such t h a t  c o n d i t io n s  a r e  m a in ta in e d  which a r e  cap a b le  o f  
s u p p o r t in g  a v a r i e t y  o r  o rgan ism s"  ( P a t r i c k ,  1949, a f t e r  Welch, 1952).
When an u n s ta b l e  o rg a n ic  lo a d ,  such as  raw o r  p o o r ly  t r e a t e d  sewage. I s  
In tro d u c e d  In to  a c l e a n  h e a l th y  s t ream , a s u c c e s s io n  o f  p h y s ic a l ,  chemi­
c a l ,  and b i o l o g i c a l  changes ta k e  p la c e .  Some o f  th e s e  e f f e c t s  w i l l  be 
d i s c u s s e d ,  as  many o f  them w i l l  be shown l a t e r  to  be e q u a l ly  a p p l i c a b l e  
to  s tream s r e c e iv in g  " h ig h ly "  t r e a t e d  sewage.
The s tream s  b i o t i c  re sp o n se  to  Induced p o l l u t a n t s  fo llo w s  two 
p r i n c i p l e s  o f  eco lo g y : (1) th e  Law o f  th e  Minimum S u p p ly , and (2) the
Law o f  T o le ra n c e  (Odum, 1953). I f  suspended m a t e r i a l  I s  p r e s e n t ,  a q u a t ic  
v e g e t a t i o n  has  I t  energy  s o u rc e ,  s u n l i g h t ,  reduced  and th u s  th e  p ro cess  
o f  p h o to s y n th e s i s  I s  r e t a r d e d  and In  extrem e c a s e s ,  s to p p ed .  The r e s u l t ­
ing  n u t r i t i o n a l  Im balance cau ses  an In c re a s e  In  scav en g in g  organism s to  
cope w ith  th e  In c re a s e d  food supp ly .  H igher a q u a t i c  forms which a re  
m o t i le  ( n e k to n ) , c an  sometimes m ig ra te  to  l o c a t i o n s  w i th  more f a v o ra b le  
en v iro n m en ta l  c o n d i t i o n s .  Those a e ro b ic  organ ism s b e in g  l e s s  t o l e r a n t  
to  p h y s ic a l  and chem ica l s t r e s s e s  and unab le  t o  r e l o c a t e ,  succumb, and 
a r e  re p la c e d  by f a c u l t a t i v e  o rgan ism s. In  summary, a v a r i e t y  o f  s p e c ie s  
e x i s t i n g  In  r e l a t i v e l y  low numbers (a b a lan ced  p o p u la t io n )  a re  r e p la c e d  
by r e l a t i v e l y  l a r g e  numbers o f  organism s w i th  l i t t l e  s p e c ie s  d i v e r s i f i ­
c a t i o n .  These c o n d i t io n s  a r e  tem porary , how ever, b ecau se  as flow p roceeds  
downstream, s u r f a c e  r e a r e a t l o n  o f f s e t s  d eo x y g en a t io n ,  suspended m a te r i a l s  
b e g in  s e t t l i n g ,  and th e  f l o r a  and fauna a g a in  approach  b a lan ced  d l v e r s l -
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f le d  p o p u la t io n s .  An example o f  th e s e  e f f e c t s  i s  shown in  F ig u re  4 .
In  th e  zone o f  r e c o v e ry  and c le a n  w a te r  zone, th e  oxygen demand i s  g r e a t ­
ly  reduced ; how ever, n u t r i e n t s  remain abundan t.
Z O N E S  OF P O L L U T I O N
C le o n  w o te r
D ISSO LV ED
OXYGEN
SAG




C le o r , no  bottom  
t l u d g e
O i g r o d o l io n  d , e o * Æ l i o n  R « c o » .ry
R o o tin g  so lid # , 
b o tto m  s lu d g e
T u rb id , foul g a s ,  
b o tto m  s lu d g e
T u rb id , 
b o t to m  s lu d g e
C le a n  w a te r
C leor, no b o tto m  
s lu d g e
F IS H
P R E S E N T
G o m e, p a n , fo o d  
a n d  fo ro g e  f is h
T o le ra n t f is h e s —  
c a rp , b u ffo lo , g a rs N o n e
T o le r a n t f i s h e s —  
c a rp ,  buffalo^ gore
G am e, p a n , fo o d  
a n d  fo ra g e  f i s h
BOTTOM
ANIMALS
A L G A E
AND
PRO TO ZO A
F ig u re  4: P i c t o r a l  d iagram  showing some examples o f  s tream -
l i f e  b e fo re  and a f t e r  d i s c h a rg e  o f  o rg a n ic  w as tes  
( a f t e r  Ingram, McKenthun, and B a r tsc h  (1 9 6 6 ) ,  p . 49. 
Reproduced by p e rm is s io n  o f  th e  F e d e ra l  Water Q u a l i ty  
A d m in i s t r a t i o n ) .
The s im u la ta n eo u s  i n t e r p l a y  between s tre a m  r e - a e r a t i o n  and d e ­
o x y g e n a t io n ,  termed th e  oxygen economy in  a s t ream , was e m p i r i c a l ly  d e s ­
c r ib e d  o v e r  40 y e a r s  ago ( S t r e e t e r  and P h e lp s ,  1925). At t h a t  time 
much sewage was e i t h e r  b e in g  d isc h a rg e d  w i th o u t  t r e a tm e n t  o r  a t  most 
g iven  p r im ary  t r e a tm e n t ,  and the  i n i t i a l  oxygen demand t r a n s f e r r e d  to  
th e  r e c e iv in g  s tre a m  was j u s t i f i a b l y  o f  p r i n c i p a l  concern  because  o f  th e  
r e s u l t i n g  b i o t i c  d i s r u p t i o n s .  The oxygen demand maybe c u r r e n t l y  a l e s s e r
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problem because  v i r t u a l l y  a l l  sewage now r e c e iv e s  e i t h e r  prim ary  o r  
secondary  t r e a tm e n t .  P rim ary  t re a tm e n t  i s  becoming in c r e a s in g ly  l e s s  
a c c e p ta b le  to  w a te r  p o l l u t i o n  c o n t r o l  a u t h o r i t i e s  b ecau se  i t  i s  r e l a t i v e ­
ly  i n e f f e c t i v e  in  re d u c in g  c o l l o i d a l  m a t te r  and th e  b io c h em ic a l  oxygen 
demand (BOD). Secondary t re a tm e n t  i s  c ap a b le  o f  re d u c in g  most o f  the 
BOD rem ain ing  in  p rim ary  e f f l u e n t  and, a l th o u g h  i t  i s  r e l a t i v e l y  i n e f ­
f e c t i v e  in  re d u c in g  n i t r o g e n  and phosphorous (Table  1 ) ,  i t  i s  now con­
s id e re d  as th e  minimum a c c e p ta b le  deg ree  o f  t r e a tm e n t  fo r  sewage d i s ­
charged in t o  n o t  on ly  most s tream s bu t  a l s o  most la k e s  and b a y s .  I t  
can  be seen  why sewage t re a tm e n t  p l a n t s  have sometimes been l ik e n e d  to  
” s e v e r a l  m i le s  o f  r i v e r " as  th e  oxygen demand i s  g r e a t l y  reduced ,  le a v in g  
an overabundance o f  n i t r o g e n  and phosphorous ( n u t r i e n t s )  much l i k e  the  
chem ica l q u a l i t y  o f  th e  downstream re c o v e ry  and c l e a n  w a te r  zones o f  
the  e a r l i e r  example.
E x c e ss iv e  n u t r i e n t s  in  a w a te r  so u rce  can have v a ry in g  deg rees  
o f  e f f e c t s .  Lackey (1958) ,  a f t e r  s tu d y in g  r e c e iv in g  w a te r  f e r t i l i z a t i o n ,  
concluded t h a t  th e  i l l  e f f e c t s  from the  adm iss ion  o f  t r e a t e d  sewage 
may seem to  o u tw e ig h t th e  b e n e f i t s .  The most troub lesom e problem w ith  
an overabundance o f  n u t r i e n t s  i s  th e  a c c e l e r a t e d  e u th ro p h ic a t io n  i n ­
d ic a te d  by th e  p ro d u c t io n  o f  a lg a e ,  r e f e r r e d  to  as n u t r i t i o n a l  p o l l u t i o n .
Algae i s  renown f o r  i t s  a e s t h e t i c  d eg rada tion  o f  r e c r e a t i o n a l  a r e a s ,  
as w e l l  as i t s  r o l e  in  a l t e r i n g  impounded w a te r  q u a l i t y  and a f f e c t i n g  
o v e r a l l  l im n o lo g ic a l  p r o d u c t i v i t y .  I f  th e  w a te r  a f f e c t e d  i s  used as a 
raw w a te r  so u rce  fo r  a m un ic ipa l w a te r  su p p ly ,  some genera  o f  a lg ae  
i n t e r f e r  w i th  w a te r  t r e a tm e n t  o p e ra t io n s  by c lo g g in g  in ta k e  sc re e n s  and 
f i l t e r s  a lo n g  w i th  forming s lim y c o a t in g s  on raw w a te r  t r a n s m is s io n  l i n e s .
15
s e t t l i n g  b a s in s  and f i l t e r  w a l l s .  P ro d u c t io n  o f  t a s t e  and od o rs  in  f i n ­
ish e d  w a te r  i s  a n o th e r  n u is a n c e  problem  l in k e d  to  c e r t a i n  a lg a e ;  th u s ,  
o p e r a t io n  c o s t s  a t  th e  t r e a tm e n t  p l a n t  a re  in c re a s e d  as  a d d i t i o n a l  d i s ­
i n f e c t a n t s  a r e  needed ; t a s t e  and odor c o n t r o l s  have to  be im plem ented; 
more i n - p l a n t  m ain tenance  i s  r e q u i r e d ;  and f i l t e r  ru n s  a r e  sh o r te n e d  
(Palm er,  1962).
S e v e ra l  genera  o f  b lu e -g r e e n  a lg a e  pose a p o t e n t i a l  t h r e a t  to  
humans, l i v e s t o c k ,  and f i s h  by e i t h e r  b e in g  to x i c  o r  p rod u c in g  to x ic  
b y -p ro d u c ts  d u r in g  "bloom" c o n d i t io n s  (Ingram  and P r e s c o t t ,  1954; Gorham, 
1962; E c h l in ,  1966). The r e a s o n s f o r  a lg a l  "blooms" a r e  s t i l l  b e in g  sough t,  
Rand and Numerow (1964) com piled an a n n o ta te d  b ib l io g r a p h y  w i th  193 r e ­
f e re n c e s  t h a t  d e a l  w i th  th e  s u b j e c t  o f  n u t r i e n t s  and t h e i r  r e l a t i o n s h i p  
to  th e  growth o f  a l g a e .  As r e p o r t e d ,  a c c u r a te  and p r e c i s e  p r e d i c t i o n s  
o f  when and where "bloom" c o n d i t io n s  m ight o ccu r  a r e  shrouded by th e  
b i o l o g i c a l  f a c t  t h a t  some s p e c ie s  a r e  c a p a b le  o f  f i x i n g  a tm o sp h e r ic  
n i t r o g e n ,  w h ile  o th e r s  have lu x u r io u s  u p ta k e s  o f  p hosphorous ,  the  e l e ­
ment which i s  known to  be c r i t i c a l  and th ough t to  be l i m i t i n g  to  grow th . 
C o n se q u e n t ly ,  a lg a e  may p ro p a g a te  p r o l i f i c a l l y  under  c o n d i t io n s  which 
seem a d v e rse  because  o f  n u t r i t i o n a l  im balances  and c o n v e r s e ly ,  growth 
may n o t  occur  under seem ing ly  i d e a l  c o n d i t i o n s .
On th e  o th e r  hand , a d d i t i o n a l  n u t r i e n t s  and r e s u l t a n t  a lg a e  m ight 
be b e n e f i c i a l  by in h a n c in g  a r e c e iv in g  w a te r s  p r o d u c t i v i t y .  S p iro g y ra  
fo r  example, has  been d e s c r ib e d  as a p o l l u t e d  w a te r  a lg a  , y e t  i t  i s  
known to  h a rb o r  i n v e r t e b r a t e  s p e c i e s .  A d d i t i o n a l l y ,  c e r t a i n  m a y f l i e s ,  
c a d d i s f l i e s ,  and midges i n h a b i t  a wide v a r i e t y  o f  a l g a l  ty p e s  (N eel,
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1968). Ingram , e t  a l . ,  (1966, p . 71) d e s c r ib e  b e n th ic  f l o r a  a s  a "m in ia ­
tu r e  ju n g le  i n  which a n im a ls  o f  many k in d s  p rey  upon each  o t h e r  w ith  th e  
s u rv iv o r s  growing to  become e v e n tu a l  f i s h  fo o d ."  M o r r is ,  e t  a l .  (1963) 
looked  a t  th e  e f f e c t s  o f  ex ten d ed  a e r a t i o n  p l a n t  e f f l u e n t  i n  sm all  s tream s  
and found t h a t  a f t e r  th e  f i r s t  300 to  700 f e e t  below th e  e f f l u e n t  o u t ­
f a l l ,  th e  s t re a m  became c l e a r ,  su p p o r ted  a d d i t i o n a l  a t t a c h e d  a l g a l  grow th , 
and th e  numbers and v a r i e t i e s  o f  b e n th ic  o rgan ism s and f i s h  were su b se ­
q u e n t ly  in c r e a s e d .  The s i g n i f i c a n c e  o f  th e s e  o b s e r v a t io n s  i s  t h a t  an 
optimum system  r e l a t i o n s h i p  can  be e s t a b l i s h e d .  The sewage t r e a tm e n t  
p l a n t  red u ce s  th e  oxygen demand and th e  r e c e i v i n g  s tre a m  b i o t a  u t i l i z e s  
th e  induced n u t r i e n t s  r e s u l t i n g  i n  e f f e c t i v e  sewage d i s p o s a l  and an eco ­
l o g i c a l  improvement.
The downstream e f f e c t s  due to  a h ig h  oxygen demanding w as te  w ith  
r e l a t i v e l y  low n u t r i e n t s  a r e  w e l l  u n d e r s to o d ,  b u t  many unknowns rem ain 
abou t the  e f f e c t s  o f  th e  c o n v e r s e - - a  low oxygen demanding e f f l u e n t  w ith  
r e l a t i v e l y  h ig h  n u t r i e n t s . C o n seq u en tly ,  g e n e ra l  p r a c t i c e  o f  w a te r  p o l ­
l u t i o n  c o n t r o l  has focused  p r im a r i ly  on p ro v id in g  t r e a tm e n t  which red u ces  
th e  BOD and u n t i l  r e c e n t l y ,  l e s s e r  em phasis was p la c e d  on removing n u t r i ­
e n t s .  One d e v ic e  w hich red u ce s  b o th  th e  BOD and th e  n u t r i e n t s  in  the  
l i q u i d  e f f l u e n t  ( i n  exchange f o r  a l g a l  b iom ass and p o s s i b ly  more t o t a l  
mass) i s  th e  b i o - o x i d a t i o n  pond. There i s  how ever, a l a c k  o f  in fo rm a t io n  
on th e  o v e r a l l  e f f e c t i v e n e s s  o f  th e  pond w i th  r e l a t i o n  o f  th e  r e c e iv in g  
s tre a m  ( th e  sy s te m ) ,  and i n  p a r t i c u l a r ,  sm a ll  i n t e r m i t t e n t  r e c e iv in g  
s tre a m s .  These system s a r e  found in  Oklahoma and a r e  th e  n a t u r e  o f  t h i s  
s tu d y  a l th o u g h  ponds a r e  found most everw here .
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S p e c i f i c a l l y ,  th e  o b j e c t i v e s  o f  t h i s  s tu d y  a r e  to  p ro v id e  a b e t t e r  
u n d e r s ta n d in g  o f  th e  b io - o x i d a t i o n  pond and r e c e iv in g  s tream  system  by 
e v a l u a t i n g  th e  e f f e c t s  o f  b i o - o x i d a t i o n  pond n u t r i e n t s  a lo n g  w ith  o th e r  
p o l l u t i o n a l  p a ra m e te rs  which a re  d is c h a rg e d  in t o  i n t e r m i t t e n t  r e c e iv in g  
s t re a m s .  O b se rv a t io n s  w ere made under v a ry in g  c l i m a t i c  c o n d i t io n s  on 
e x i s t i n g  b i o - o x i d a t i o n  ponds which had d iv e r s e  lo a d in g s  and d e s ig n s ,  
r a t h e r  th a n  a s i n g l e  c o n t r o l l a b l e  pond.
CHAPTER II
THE STUDY BIO-OXIDATION PONDS AND RECEIVING STREAM SYSTEMS 
The s tu d y  a r e a ,  c e n t r a l  Oklahoma, g e n e r a l l y  l i e s  in  what i s  
p h y s io g r a p h ic a l ly  c l a s s i f i e d  as  th e  C e n t r a l  Redbed P l a i n s ,  c h a r a c t e r ­
iz ed  by i t s  low r o l l i n g  h i l l s ,  s u i t a b l e  f o r  l i v e s t o c k  p a s tu r e  land  and 
l i m i t e d  a g r i c u l t u r e .  The r u r a l  farm ing  communities and towns, many 
o f  which a c t  as a "bedroom" fo r  the  G re a te r  Oklahoma C i ty  M e tro p o l i ta n  
A rea, a re  o p e ra te d  on r e s t r i c t i v e  b u d g e ts ;  t h u s ,  b i o - o x i d a t i o n  ponds 
a r e  b e in g  e x t e n s i v e ly  used to  s a t i s f y  w aste  t r e a tm e n t  n eed s .
Of th e  more than  100 b i o - o x i d a t i o n  ponds now in  use  in  Oklahoma, 
a t  l e a s t  15 a r e  lo c a te d  w ith  a 50 m i le  r a d iu s  o f  th e  C i ty  o f  Norman.
I t  was dec ided  to  s e l e c t  s e v e r a l  ponds from th o s e  a v a i l a b l e  which would 
p ro v id e  a v a r i e t y  o f  lo a d in g s  and e f f l u e n t  f lo w s ,  r a t h e r  th an  con­
s t r u c t i n g  a s i n g l e ,  c o n t r o l l a b l e  pond. In  a d d i t i o n  to  economic c o n s id ­
e r a t i o n s ,  t h i s  p ro ced u re  o f  s e l e c t i n g  e x i s t i n g  ponds p rov ided  e x c e l ­
l e n t  d a ta  i n  a p re v io u s  s tu d y  by Assenzo and Reid  (1965). F ig u re  5 
shows th e  r e l a t i v e  lo c a t i o n s  o f  the  f i v e  s e l e c t e d  system s - -  L ex in g to n ,  
M a y s v i l l e ,  B la n c h a rd ,  Q u a il  C reek , and B lu f f  C reek .
BIO-OXIDATION PONDS 
The s e l e c t e d  ponds which i n d i v i d u a l l y  c o n s t i t u t e d  one p a r t  o f  
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FIGURE 5; LOCATION OF STUDY BIO-OXIDATION POND -  RECEIVING STREAM SYSTEMS
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and re p re s e n te d  th e  two p redom inan t ty p e s  o f  ponds found in  Oklahoma, 
namely th e  raw and th e  t e r t i a r y  b io -o x id a t io n  ponds l o c a l l y  r e f e r r e d  to  
a s  sewage lagoons and p o l i s h in g  ponds r e s p e c t iv e ly .  These ponds ranged 
from s in g le  c e l l  to  m u l t i c e l lu a r  u n i t s  w ith  v a r ie d  d e s ig n s .  Examples 






POND SERVED NO. OF CELLS SIZE. ACRES TYPE FLOW. MOD
L ex ing ton 1 , 2 0 0 1 2 .9 Raw 0 .07
M a y sv ille 1 ,500 2 8 .7 Raw 0.03
B lanchard 1 ,400 2 1 0 . 0 Raw 0 .04
Q u a il C reek 2 ,500 1 1 1 . 2 Raw 0 .24
B lu f f  C reek 2 0 , 0 0 0 2 10.5 T e r t ia r y 2 . 0 0
In  a d d i t io n  to  d e s ig n  v a r i a t i o n ,  th e re  w ere a l s o  w ide v a r i a t io n s  in  
th e  o p e ra t io n  and m ain ten an ce  o f  th e se  ponds. For exam ple, th e  L ex ing ­
to n  pond was o f te n  o p e ra te d  on a " f i l l - a n d - d r a w "  b a s i s  d u rin g  th e  w in te r  
season  and d u r in g  p e r io d s  o f  b lu e -g re e n  a lg a e  bloom s; sodium n i t r a t e  was 
on o c c a s io n , added to  th e  B lanchard  pond d u r in g  th e  w in te r  to  c h e m ic a lly  
a s s i s t  in  th e  b io - o x id a t io n  p ro c e s s ;  sewage was f r e q u e n t ly  b y -p assed  a t  
th e  M a y sv ille  f a c i l i t y  b ecau se  o f  in t e r m i t t e n t  m a lfu c tio n s  a t  the  l i f t  
s t a t i o n .  B ecause o f  th e se  o p e ra t io n  an o m a lie s , th e  p o r t io n  o f  th e  s tu d y  
which in c lu d e d  th e  L ex in g to n  and M a y sv ille  system s was l im i te d  to  t h e i r
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Above: Tertiary Pond (Bluff Creek)
FIGURE 6 : PREDOMINANT TYPES OF BIO-OXIDATION PONDS IN THE
CENTRAL OKLAHOMA STUDY AREA
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r e s p e c t iv e  t r a n s p o r t  s tream s (flo w  c o n s is te d  e n t i r e l y  o f  pond e f f l u e n t ) .
The B la n c h a rd , Q u a il C reek , and B lu f f  C reek  b io -o x id a t io n  ponds 
e x p e rien ced  v e ry  m inim al e f f l u e n t  flow  v a r i a t i o n s .  P re s e n t  day dom estic  
w a te r  u se s  have tended  to  m in im ize ex trem e d a y - to -d a y  flow  f lu c t u a t i o n s .  
A lthough h o u r ly  i n f l u e n t  flow  v a r i a t i o n s  d e f i n i t e l y  o c c u rre d , th e  ponds 
dampened t h e i r  e f f e c t s .  D uring th e  summer m onths, e v a p o ra tio n  from th e se  
ponds was a p p a re n t ly  l a r g e ly  o f f s e t  by th e  in c re a s e d  in f lu e n t  flow  due 
to  in c re a s e d  d o m estic  w a te r  u sag es  d u rin g  th e  warmer w ea th e r.
S easo n a l in f lu e n c e s  a re  r e f l e c t e d  in  th e  chem ica l and b io lo g ic a l  
q u a l i ty  o f  th e  e f f l u e n t .  The e f f lu e n t  b io c h em ic a l oxygen demand (BOD), 
th e  p re s e n t  day y a r d s t i c k  fo r  pond p erfo rm an ce , ranged  from a minimum 
av erag e  o f  7 mg/1 d u r in g  th e  summer months a t  Q u a il C reek  to  a maximum 
av erag e  o f  54 mg/1 d u r in g  th e  s p r in g  a t  B la n ch ard . The maximum and 
minimum se a so n a l av e ra g e  BOD, N, and P fo r  th e  e f f l u e n t  from each  i n d i ­
v id u a l  pond i s  shown in  T ab le  3 a lo n g  w ith  th e  b io lo g ic a l  c h a r a c t e r i s t i c s .  
These v a lu e s  a re  s e a s o n a l av e ra g es  based  on numerous in d iv id u a l  a n a ly se s  
and do n o t r e p r e s e n t  th e  re c o rd e d  maximum o r  minimum in d iv id u a l  v a lu e s  
found in  th e  pond e f f l u e n t .
The b io lo g ic a l  a c t i v i t y ,  o r  b io m ass, w ith in  th e  ponds, e x p e rien ced  
s e a s o n a lly  c y c l i c  maximum and minimum c o n c e n tr a t io n s .  In  th e  Q u a il C reek 
and B lu f f  C reek e f f l u e n t s ,  maximum biom ass o ccu rred  d u rin g  th e  summer 
months (p e ro id  o f  minimum BOD). The w in te r  s e a so n , c o n tra ry  to  th e o ry , 
p roduced th e  m ost p r o l i f i c  b iom ass c o n c e n tr a t io n s  a t  th e  B lanchard  and 
L ex in g to n  ponds. A lthough  F i tz g e r a ld  (1961) concluded  a f t e r  a two y e a r  
s tu d y  on o x id a t io n  ponds t h a t  th e re  w ere c o n s id e ra b le  p e r io d s  d u rin g  th e  
y e a r  w hich m igh t be c o n s id e re d  optimum f o r  a lg a l  g row th , y e t  th e re  was
TABLE 3
BIOCHEMICAL AND BIOLOGICAL CHARACTERISTICS^ OF THE 
EFFLUENT FROM THE STUDY BIO-OXIDATION PONDS






A verage A verage
Maximum
A verage
Minimum Maximum Minimum Maximum Minimum 
A verage A verage A verage A verage A verage
BOD, mg/1 27 (W) 8 (S) 21(F) 10(W) 5 4 (Sp) 21(S ) 40 (W) 7(S ) 3 2 (W) 8 (F)
KJEL NITROGEN, 
mg/1 as  N 52.6(W ) 1 1 .8 (S ) 3 .4 (S )  7 .6 (F ) 2 9 .7 (W) 7 .4 (S p ) 1 2 .9 (W) 4 .0 (S p )  5 7 .2 (S p ) 2 9 .9 (F )
T -  PHOSPHATES, 
mg/1 as  P 19.59(W ) 6 .7 0 (S ) 11.90(W ) 2 .5 (S ) 1 2 .7 6 (S ) 2 .1 5 (F ) 12.24(W ) 5 .7 5 (S )  1 9 .0 0 (S p ) 1 5 .5 0 (S )
COLIFORMS, 
C o lo n ie s  x lO^/lOOml 270(W) 52(F) 290(S) 6 (F) 1600(W) 150(S) 460(S) 59(F ) 380(S) 40(F )
PLANKTON 






= W in te r 
= S p rin g  
= Summer 
= F a l l
These a re  s e a s o n a l a v e ra g e s  o f  a p p ro x im a te ly  10 -  20 In d iv id u a l  a n a ly s e s ,
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v e ry  l i t t l e  a lg a l  d ev e lopm en t, i t  i s  f e l t  t h a t  o p e r a t io n a l  p ro ced u res  a t  
th e s e  two ponds e x p la in  th e  se a so n a l grow th an o m a lie s .
The p h y to p la n k to n  p o p u la tio n s  in  th e  e f f l u e n t  from th e  s e le c te d  
ponds w ere com prised  g e n e ra l ly  o f  p la n k to n ic  s in g le  c e l l  g reen  a lg a e ,  
C h lo rophy ta  ( C h lo r e l l a . Scenedesm us. A n k is tro d esm u s. Chlorococcum ) , and 
a few s h o r t  f ila m e n to u s  and c o lo n ia l  b lu e -g re e n  a lg a e ,  C yanophyta, 
( A r th ro s p ir a . O s c i l l a t o r i a . A n a c y s tis ) . P o p u la tio n  s h i f t s  from C h lo rophy ta  
to  Cyanophyta w ere e v id e n t  d u r in g  th e  summer m onths, p a r t i c u l a r l y  in  th e  
Q u ail C reek e f f l u e n t .  The r e l a t i v e  se a s o n a l d i s t r i b u t i o n  o f  p redom inan t 
p h y to p lan k to n  from th e  v a r io u s  ponds i s  shown i n  F ig u re  7.
R e c e iv in g  Stream s 
The s tu d y  b io - o x id a t io n  ponds d isc h a rg e d  in to  s tream s (se e  F ig u re  
8 , page 31) w hich w ere sm a ll,  some w ere i n t e r m i t t e n t ,  and a l l  w ere r e l a ­
t i v e ly  in a c c e s s ib le  e x c e p t w here coun ty  s e c t io n  ro ad s  c ro s se d  th e  s tream - 
b ed s . The s tream  banks w ere incised due to  e ro s io n  and é lu v ia t io n  d u rin g  
sp r in g  ru n o f f  from  h ig h  i n t e n s i t y ,  s h o r t  d u r a t io n  r a i n f a l l s  which a re  
c h a r a c t e r i s t i c  to  c e n t r a l  Oklahoma. In  g e n e ra l ,  s tream flo w  was minimxal 
d u rin g  th e  w in te r  m on ths, re a c h e d  i t s  peak in  th e  s p r in g ,  th en  sub­
s id e d  d u r in g  th e  summer and f a l l  as i s  shown in  T ab le  4 .
S e a so n a lly , th e  av erag e  BOD o f  th e se  s tream s and t r i b u t a r i e s  ranged  
from le s s  th a n  1 mg/1 to  7 m g/1, th e  n it r o g e n  (N) ranged from 0 .4  mg/1 
to  7 .6  m g/1, and th e  p h o sp h a tes  (? ) ranged  from 0 .1 6  m g/l to  3 .46  mg/1.
For most o f  th e se  p a ra m e te rs  th e  maximum c o n c e n tr a t io n s  o ccu rred  d u r in g  
th e  w in te r  and minimum c o n c e n tr a t io n  d u r in g  th e  summer and f a l l  (se e  
T able 5 ) .  The re a s o n  fo r  th e  s u b s t a n t i a l  background le v e l s  o f  n i t ro g e n  
and phosphorous ( n u t r i e n t s )  found in  th e s e  s tream s cou ld  be a t t r ib u t e d
25
S T U D Y  B I O - O X I D A T I O N  P O N D S  
S E A S O N  Quoit  Cr. B l u f f  Cr B l o n c h o r d  M a y s v i l l e  L e x i n g t o n
WI N T E R
S P R I N G
SUMMER
F A L L
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FIGURE 7 : RELATIVE SEASONAL DISTRIBUTION OF PREDOMINANT




DISCHARGES OF THE STUDY 
RECEIVING STREAMS AND TRIBUTARIES
SEASONAL AVERAGE FLOW. MGD
WINTER SPRING SUMMER FALL
DRY CREEK 0 . 0 0 . 0 0 . 2 0 0.15
BLUFF CREEK 0 .4 8 2 .62 1.50 0 .90
DEER CREEK 0 .6 9 1 .92 1.25 0.75
BERRY CREEK 0.0 2 4 0 .4 0 0 .14 0 .0 8
NORTH FORK WALNUT 0 . 1 0 1.95 0 . 6 8 0.39
SOUTH FORK WALNUT 0 . 1 1 1 .80 0.43 0 .25
BUFFALO CREEK 0.015 0 .3 8 0 .13 0 .07
to  up stream  u s e .
Dry C reek , th e  r e c e iv in g  s tre a m  f o r  th e  Q u a il C reek  pond, d ra in e d  
a g o l f  c o u rse , and d u r in g  th e  w in te r  and s p r in g ,  th e  o n ly  s u s ta in e d  flow  
w ith in  Dry C reek  was b io - o x id a t io n  e f f lu e n t  (no a v a i la b le  d i l u t i o n  fo r  
e f f l u e n t ,  se e  T ab le  4) b eca u se  n a t u r a l  s tream  flow  was r e ta in e d  by an 
impoundment w ith in  th e  g o l f  c o u rs e .  When flow  was r e le a s e d  d u r in g  th e  
summer and f a l l  (h e ig h t o f  g o lf in g  s e a s o n ) ,  i t  n o t o n ly  had h ig h  N and 
P c o n c e n tr a t io n s  b u t ,  a s  can  be  seen  in  T ab le 5 , th e  biom ass was p ro ­
l i f i c .  The flow  in  Dry C reek  c o u ld  more a c c u r a te ly  be d e s c r ib e d  as r e ­
g u la te d  r a th e r  th a n  i n t e r m i t t e n t .
B lu f f  C reek , w hich u l t im a te ly  re c e iv e d  th e  Dry C reek flow  a s  w e ll  
as th e  e f f lu e n t  from  b o th  th e  Q u a il C reek  and B lu f f  C reek  ponds, had i t s  
h ead w aters  n e a r  th e  s lu d g e  ponds o f  a l im e -s o f te n in g  w a te r  tr e a tm e n t 
p la n t .  In  th e  summer when th e  w a te r  tr e a tm e n t p la n t  a c t i v i t i e s  w ere a c ­
c e le r a te d  to  m eet th e  in c re a s e d  d o m estic  w a te r  dem ands, th e  s u p e rn a ta n t
TABLE 5
BIOCHEMICAL AND BIOLOGICAL CHARACTERISTICOF THE 
RECEIVING STREAMS AND TRIBUTARIES
BOD. mg/L
KJELDAHL NITROGEN TOTAL PHOSPHATES COLIFORMS
X 10^/100 ml
PLANKTON 

















DRY CREEK^ 4(F ) l(S u ) 3 .7 (F ) 2 .0 (S u ) 1 .7 8 (S u ) 1 .2 6 (F ) 15(Su) 2 .5 (F ) 225 (Su) 25(F )
BLUFF CREEK 5(W) 1(F) 2 .6 (F ) 0.5(W ) 1 .5 9 (Su) 0.83(W ) 25 (Su) 3 .5 (F ) 5 4 (Su) l(S p )
DEER CREEK 7(W) 1(F) 4 .0 (S p ) 0.9(W ) 3 .4 6 (S p ) 1 .6 0 (F ) 5 (Su) 2.5(W ) 7 (Su) l(W&Sp)
BERRY CREEK 4(F ) l(S u ) 7 .6 (F ) 0 . 8 (Su) 1 .4 5 (W) 0 .1 6 (F ) 13 ,6  (W) 0 .2 (S u ) 3(F ) 1(W)
NO. FORK WALNUT 5(W) l(S u ) 3.4(W) 0 .4 (S u ) 1.44(W ) 0 .1 5 (F ) 4.5(W ) O .l(S u ) 4 (S p) l(S u )
SO. FORK WALNUT 3(F) l(S u ) 2.5(W ) 0 .7 (S u ) 1 .4 5 (S p ) 0 .1 8 (F ) 5(W) 0 .0 5 (Su) 3 9 (Sp) l(S u )
BUFFALO CREEK 2(W) 1(F) 5.0(W ) 0 .6 (S u ) 1.30(W ) 0 .7 1 (S u )4 0 (S p ) 0 .0 4 (Su) 3 7 (Sp) l(S u )
(W) = W in ter 
(Sp) = S p rin g  
(Su) = Summer 
(F) = F a l l
^These a re se a so n a l av e ra g es o f  a p p ro x im a te ly  10 -  2 0  in d iv id u a l a n a ly s e s .
ro•o
2 v a lu es  l i s t e d  fo r  Dry C reek  a re  fo r  Summer and F a l l  o n ly , as t h i s  s tre a m  d id  
n o t flow  d u r in g  th e  W inter and S p rin g .
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from th e se  s lu d g e  ponds f r e q u e n t ly  overflow ed  in to  B lu f f  C reek , t h i s  was 
r e f l e c t e d  in  th e  in - s tr e a m  p hosphate  le v e ls  w hich w ere maximum d u rin g  th e  
warm w eathe r (T ab le  5 ) .
D eer C reek  had u p stream  t r i b u t a r i e s  w hich re c e iv e d  dom estic  w a s te ­
w a te r  p lu s  a g r i c u l t u r a l  r u n o f f .  The av erag e  phosp h a te  c o n c e n tra tio n s  
d u r in g  th e  s p r in g  w ere 3 .46  m g/l as P. T h is  i s  a s u b s ta n t i a l  r e s id u a l  
c o n s id e r in g  th e  s tream s in  th e  B lanchard  a re a  (B e rry , W alnut, B u ffa lo )  
had phosp h a te  c o n c e n tr a t io n s  l e s s  th a n  1 .5  m g /l,  m ost o f  t h i s  b e in g  a t ­
t r i b u t a b l e  to  a g r i c u l t u r a l  r u n o f f  and th e  l iv e s to c k  which w atered  a t  th e s e  
s tream s d u r in g  th e  w in te r  and s p r in g .
The n a t u r a l  p h y to p lan k to n  in  th e  s tream s n e a r  th e  B lanchard  pond 
w ere l im ite d  to  a few g en era  o f  C hrysophy ta  ( N i t s c h ia , N a v ic u la . Cym- 
b e l l a ) and on o c c a s io n  p la n k to n ic  g reen  a lg a e .  A lg a l d e n s i t i e s  r a r e ly  
exceeded 1 ,000 ASU/ml d u r in g  th e  summer. On th e  o th e r  hand . C hlo rophy ta  
and Cyanophyta w ere more n a tu r a l ly  p redom inan t in  th e  straam s n e a r  th e  
Q u a il C reek pond p a r t i c u l a r l y  d u rin g  th e  summer when average  p la n k to n ic  
d e n s i t i e s  reanged  betw een 7 ,000  to  225,000 ASU/ml (T ab le 5 ) .  B enth ic 
f ilam en to u s  a lg a e  en joyed  a l u c r a t i v e  grow th in  a l l  th e  s tream s ex cep t 
Dry C reek  (p o s s ib ly  b ecau se  flow  was i n t e r m i t t e n t ) .  Minnows and o c c a s io n ­
a l l y  l a r g e r  f i s h  (m ostly  b l u e - g i l l )  cou ld  be seen  d a r t in g  in  and o u t o f  
th e se  b e n th ic  h a b i t a t s  a t  v a r io u s  tim es d u r in g  th e  co u rse  o f  th e  s tu d y .
CHAPTER I I I
SAMPLE COLLECTION AND ANALYTICAL DETERMINATIONS
F ie ld  T echniques 
Sam pling was i n i t i a t e d  in  th e  w in te r  o f  1966 and c o n tin u e d  on a 
b i-w eek ly  b a s is  th ro u g h  th e  w in te r  o f  1968. "G rab" sam ples w ere c o l ­
le c te d  in  p o ly e th y le n e  b o t t l e s  a t  th e  e f f l u e n t  w e ir  o f  each  b io ­
o x id a tio n  pond and a t  su b seq u en t dow nstream  s t a t i o n s ,  d u a l sam ples being  
c o l le c te d  a t  t r i b u t a r y  c o n f lu e n ts  as shown in  F ig u re  8 . I n  a d d i t io n  
to  th e  ponds and th e  e f f l u e n t  sam pling  s t a t i o n s ,  th e  M a y sv ille  and Lex­
in g to n  Systems (n o t shown) in c lu d e d  on ly  th e  t r a n s p o r t  s tream  w hich was 
one m ile  long  a t  M ay sv ille  and sam pling  s t a t i o n s  were lo c a te d  a t  th e  
m iddle and end , w here th e  L ex in g to n  t r a n s p o r t  s tream  was 800 f e e t  long  
and was sam pled o n ly  a t  th e  end .
E f f lu e n t  d is c h a rg e  and co rre sp o n d in g  s p e c i f i c  c o n d u c t iv i ty  were 
m easured a t  th e  o v e rflo w  w e irs  o f  each  pond. These v a lu e s  a lo n g  w ith  th e  
s p e c i f i c i t y  c o n d u c t iv i ty  o f  th e  r e c e iv in g  s tre a m , b o th  b e fo re  and a f t e r  
m ix in g , p ro v id ed  a s im p le  means o f  e s t im a tin g  s tream flo w s. T h is  in ­
d i r e c t  method i s  r a p id  and was n e c e ssa ry  becau se  o f  th e  tim e in v o lv ed  
in  th e  c o l l e c t i o n  and a n a ly s i s  o f  sam ples ( a d d i t io n a l ly ,  an a tte m p t fo r  
d i r e c t  s tream flo w  m easurem ents w ith  90° v -n o tc h  w e irs  i n s t a l l e d  in  th e  
s tream s proved  u n s u c c e s s fu l  b ecau se  o f  p u b lic  v an d a lism  and damage s u f ­
fe re d  d u r in g  p e r io d s  o f  e le v a te d  s tre a m flo w s) .
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Ambient c o n d i t io n s  a lo n g  w ith  th e  s tream s a e s t h e t i c  ap p ea rance  and 
observed  h ig h e r  a q u a t ic  f l o r a  and fauna w ere a ls o  re c o rd e d  b e fo re  th e  
sam ples w ere t r a n s p o r te d  to  th e  U n iv e rs i ty  o f  Oklahoma S a n ita ry  E ngine­
e r in g  L a b o ra to ry , Norman, Oklahoma.
L a b o ra to ry  P ro ced u res
The e f f lu e n t  from th e  b io - o x id a t io n  ponds and th e  r e c e iv in g  
s tream  sam ples w ere an a ly zed  fo r  th e  fo llo w in g  p a ra m e te rs  in  accordance  
w ith  S tan d a rd  M ethods fo r  th e  E xam ination  o f  W ater and w a s te w a te r . 
T w elfth  E d i t io n  (1965):
(a ) b io c h em c ia l oxygen demand (BOD)
(b) t o t a l  k je ld a h l  n i t r o g e n  (N)
( t )  ammonia n i t r o g e n
(d) t o t a l  p h o sp h a te s  (P)
(e ) o r th o p h o sp h a te s
( f )  p la n k to n
(g) c o l ifo rm  and p l a t e  coun t
(h ) d e te r g e n ts  (MBAS)
( i )  n i t r a t e s
The membrane f i l t e r  (MF) te c h n iq u e  was used  f o r  d e te rm in in g  the  
35° p l a t e  co u n t and fo r  q u a n tify in g  t o t a l  c o l ifo rm  o rg an ism s, th e  MF 
te c h n iq u e  h as  some l im i t in g  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  when employed 
fo r  w as tew a te r o r  w a te r  w ith  h ig h  t r u b i d i t y ,  as th e r e  i s  a tendency fo r  
b a c t e r i a l  grow th to  be su p p ressed  o r  r e ta rd e d  shou ld  a b a c te r iu m  
come to  r e s t  above o r  below  d e t r i t u s  w hich i s  e n tra p p e d  on th e  f i l t e r .  
C o n seq u en tly , r e ly in g  on in d iv id u a l  r e s u l t s  as  a b s o lu te  m easures o f  b a c ­
t e r i a l  c o n c e n tr a t io n s  in  tu rb id  sam ples i s  unw ise . B a c te r io lo g ic a l
Q U A I L  CREEK 
B I O - P O N D
- D - 2  (1^/4 mi) 
- D — 1 ( V4 mi )
rE ^  ^D C -l(2V 2m i)
D C - 2 ( 6 ^ / 4 m i )
BLUFF C R E E K  
B I O - P O N D
Q U A I L -  B L U F F  C R E E K  S Y S T E M
AB L A N C H A R D  B I O - P O N D
SF—
B C - 2  ( 2 V 4 m i )
W A L N
SOUTH
w
B L A N C H A R D  S Y S T E M
FIGURE 8 ; STUDY BIO-OXIDATION POND-RECEIVING STREAM SYSTEMS AND SAMPLING STATIONS.
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t r e n d ,  how ever, can  be  g le an ed  by com paring r e l a t i v e  r e s u l t s  among 
sam ples, p ro v id ed  b a c t e r i a l  d e n s i t i e s  a re  s u f f i c i e n t  fo r  d e te c t io n  a f t e r  
s e r i a l  d i l u t i o n  to  m inim ize th e  e f f e c t  o f  t u r b i d i t y .  T h is  was th e  case  
w ith  th e se  pond and s tre a m  sam p les ; th u s ,  th e  MF te c h n iq u e  p ro v id ed  sup­
p le m en ta l in fo rm a tio n  on e c o lo g ic a l  c o n d i t io n s  b o th  w ith  th e  ponds and 
th e  r e c e iv in g  s tre a m s .
In  th e  i n i t i a l  s ta g e s  o f  t h i s  p r o j e c t ,  b o th  m ethy lene  b lu e  a c t iv e  
su b s ta n c e s  (MBAS) and n i t r a t e s  w ere in c lu d e d  in  th e  la b o ra to ry  d e t e r ­
m in a tio n s .  The re a s o n s  fo r  t h e i r  i n i t i a l  in c lu s io n  and su b seq u en t r e ­
moval fo r  th e  a n a l y t i c a l  l i s t  a re  g iv e n  in  th e  fo llo w in g  b r i e f  d is c u s ­
s io n  on b o th  p a ra m e te r .
M ethy lene B lue A c tiv e  S u b stan ces  (MBAS)
The m ethy lene b lu e  a c t iv e  su b s ta n c e s  (MBAS) in  sewage predom in­
a t e l y  c o n s i s t  o f  d e te r g e n ts .  D e te rg e n ts ,  a s  p r e v io u s ly  m en tioned , c o n ta in  
com ponents o f  complexed p h o sp h a te s  and a d d i t i o n a l ly  can  cau se  u n s ig h t ly  
and a e s t h e t i c a l l y  u n p le a s in g  f ro th in g  and foam ing when t h e i r  c o n c e n tra ­
t i o n  in  s u r fa c e  w a te rs  exceeds 1 m g /l .  The a lk y l  benzene s u lfo n a te s  
(ABS) o r  n o n -b io d e g ra d a b le  d e te r g e n ts  w ere removed from th e  consum ers 
m ark e t a few months b e fo re  t h i s  p r o je c t  began and w ere re p la c e d  by 
b io -d e g ra d a b le  d e t e r g e n ts ,  l i n e a r  a lk y l  s u l f o n a te s  (LAS). Because o f  
th e  p ro d u c t c o n v e rs io n , l i t t l e  in fo rm a tio n  was a v a i l a b l e  on th e  e f ­
f ic ie n c y  o f  b io - o x id a t io n  ponds w ith  re g a rd  to  d e g ra d in g  LAS. In  a com­
p re h e n s iv e  fo u r week s p e c ia l  s tu d y  (which in c lu d e d  tw o, tw enty  fo u r hour 
com posite  sam ples a t  th e  Q u a il C reek  p o n d ), th e  MBAS c o n c e n tr a t io n s  in  
raw  sewage w ere found to  ra n g e  betw een 1 .9  -  1 1 .0  m g /l (av e rag e  5 .7 ) ,  
w h ile  e f f l u e n t  MBAS r e s id u a l  c o n c e n tra t io n s  av erag ed  le s s  th an  0 .5  m g/l
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(D eM arta, 1966 ). B ecause o f  th e se  low e f f l u e n t  and su b seq u en t n e g l i ­
g ib le  c o n c e n tr a t io n  a f t e r  dow nstream  d i l u t i o n ,  th e  a n a l y t i c a l  p ro ced u re  
fo r  MBAS was d is c o n t in u e d .
N i t r a t e s
N itro g e n  (N) in  a q u a t ic  env ironm en ts  may be found as  ammonia 
n i t r o g e n ,  o rg a n ic  n i t r o g e n ,  n i t r i t e s ,  o r n i t r a t e s ,  depending  on i t s  
i n i t i a l  form  and th e  amount o f  o x id a tio n  o r  r e d u c t io n  to  w hich i t  i s  
s u b je c te d .  In  raw o r  u n t r e a te d  sewage th e  p redom inan t forms a re  o rg a n ic  
and ammonia n i t r o g e n .  As sewage becomes s t a b i l i z e d  under a e ro b ic  con­
d i t i o n s ,  th e  r e l a t i v e  c o n c e n tra t io n s  o f  n i t r i t e s ,  and su b se q u e n tly  n i t r a t e s ,  
in c r e a s e .  T h is  c o n d i t io n  i s  r e f e r r e d  to  a s  n i t r i f i c a t i o n .  As a n i t r o g e n  
so u rc e , a lg a e  can  a p p a re n t ly  u t i l i z e  e i t h e r  ammonium s a l t s  o r  n i t r a t e s ,  
th e  form er b e in g  p r e f e r a b l e  i f  l i g h t  i n t e n s i t y  (en e rg y ) i s  l im ite d  ( S y r e t t ,  
1960, a f t e r  Lew in, 1962 ). By means o f  p o la rg ra p h ic  te c h n iq u e s ,  n i t r o g e n  
c o n c e n tr a t io n s  in  th e  form o f  n i t r a t e s  w ere found to  be i n s ig n i f i c a n t  in  
th e  s tu d y  ponds and s tream s as  compared t o  th e  ammonia and o rg an ic  
n i t r o g e n  c o n c e n t r a t io n s .  The n i t r a t e  d e te rm in a tio n s  w ere th e re fo re  n o t 
c o n tin u e d  and o n ly  th e  p r e v a le n t  forms o f  n i t r o g e n  (ammonia and o rg a n ic )  
w ere m o n ito red .
D ata P re p a ra t io n  
Under n a t u r a l  s tre a m  and b io - o x id a t io n  pond c o n d i t io n s ,  volum es 
as  w e ll as  p a ram e te r  c o n c e n tra t io n s  v a ry  b u t  th e r e  i s  a com para tive  
p ro d u c t ,  c o n c e n tr a t io n  tim es th e  flow  and a c o n s ta n t .  The s im p le s t  and 
m ost m ean ing fu l ap p ro ach  to  n o rm a liz in g  d a ta  f o r  co m p ara tiv e  pu rp o ses  i s  
by in c o rp o ra t in g  flow s and c o n c e n tr a t io n s  and a r r iv i n g  a t  t o t a l  lo a d in g .
The d a ta  now become d i r e c t l y  a d d i t iv e  and in f lu e n c e s  a re  more d i s t i n c t .
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For th e  Q u a il C reek , B u ff C reek , and B lanchard  System s th e  p a ram e te r 
c o n c e n tra t io n s  w ere e a s i l y  co n v e rte d  to  t o t a l  lo a d in g s  (#/D ay = MGD x 
m g/l X 8 .3 4 ) ,  a s  th e  flow s w ere ex p re ssed  in  m i l l io n  g a l lo n s  p e r  day 
(MGD). T h is  i s  th e  m ost common and w id e ly  used  means o f  e x p re s s in g  chem­
ic a l  d a ta ,  how ever, n o rm a liz in g  b io lo g ic a l  d a ta  v a r i e s .
Methods fo r  d e a l in g  w ith  b a c t e r io lo g ic a l  d a ta  ran g e  from th e  
q u a n t i ty  u n i t  (Q.U) p roposed  by F r o s t  and S t r e e t e r  (1924) to  th e  b a c t e r ­
i a l  p o p u la tio n  e q u iv a le n t  (B .P .E .)  su g g es ted  by K i t t r e l l  and F u r f a r i  
(1963). The Q.U. i s  th e  p ro d u c t o f  a d is c h a rg e  o f  1 cu b ic  fo o t  p e r 
second ( c f s )  and a b a c t e r i a l  c o n c e n tra t io n  o f  lOOO/ml. The B .P .E . r e ­
l a t e s  th e  Q.U. to  th e  sew ered p o p u la tio n  by in c o rp o ra t in g  a p e r  c a p i ta  
c o n t r ib u t io n .  For co m p ara tiv e  p u rp o se s , th e  b a c t e r io l o g ic a l  d a ta  c o l ­
le c te d  in  t h i s  s tu d y  was c o n v e rte d  to  m illig ra m s  p e r  l i t e r  u s in g  
4 X lO '^^m g/ c e l l ,  th e  av e rag e  w eigh t o f  a b a c te r iu m  as su g g es ted  by 
S a r le s ,  e t  a l  (1 9 5 6 ). The d a ta  cou ld  th e n  be d i r e c t l y  c o n v e rte d  to  
pounds p e r  day ( lo a d in g )  by in c o rp o ra t in g  flow  as i s  shown in  th e  f o l ­
low ing e q u a tio n :
10 3B a c te r ia ,  pounds/day  = F (4 x 10" m g /c e ll)  (Number o f  c e l l s /m l )  (10 m l/1 )
where : F = Flow , MGD x 8 .34
The p la n k to n  d a ta  was s im i la r ly  co n v e rted  to  pounds p e r  day u s in g  500,000 
ASU/ml => 1000 m g /l (G e a rh e a r t ,  1969).
CHAPTER IV
PRESENTATION OF FINDINGS 
The d a ta  c o l le c te d  o v e r th e  two y e a r  s tu d y  p e r io d  w ere g rouped 
by q u a r te r s  and averag ed  in  o rd e r  to  r e p r e s e n t  th e  se a so n a l e f f l u e n t  
q u a l i ty  o f  th e  b io - o x id a t io n  ponds as w e ll  a s  th e  q u a l i ty  o f  th e  s tream s 
b o th  b e fo re  and a f t e r  r e c e iv in g  th e  ' t r e a t e d '  w a s te w a te r . T hese d a ta  
shown in  T ab les  6 , 7 ,  and 9 in  th e  A ppendix d e m o n stra te  th e  q u a l i ty  
f lu c tu a t io n s  d u rin g  th e  y e a r .  S e le c te d  d a ta  w ere p re s e n te d  in  C h ap te r  I I  
to  supplem ent th e  in d iv id u a l  d e s c r ip t io n  o f  th e  s tu d y  ponds and s tre a m s . 
T h is  c h a p te r  p r e s e n ts  th e  f in d in g s  and o b s e rv a tio n s  dow nstream . T h is  
f i r s t  s e c t io n  s e g re g a te s  th o se  ponds w hich d is c h a rg e  in to  d ry  s tre a m - 
beds ( t r a n s p o r t  s tr e a m s ) .  The second s e c t io n  in c lu d e s  th e  rem a in in g  
system s w hich had a v a i la b le  d i l u t i o n  w a te r .
T ra n s p o r t  S tream s 
D uring  th e  c o u rse  o f  t h i s  s tu d y , th e  b io - o x id a t io n  ponds a t  
L ex in g to n , M a y s v ille ,  and Q u a il C reek ( f o r  two seaso n s  o u t o f  th e  
y e a r )  d isc h a rg e d  in to  stream beds w hich flow ed v a ry in g  d is ta n c e s  w ith o u t 
re c e iv in g  any d i l u t i o n .  The f in d in g s  re g a rd in g  th e  t r a n s p o r t  s tream s 
a re  o f  i n t e r e s t  b ecau se  th e y  r e f l e c t  th e  t r a n s i t i o n a l  e f f e c t s  o f  th e  
e f f l u e n t  go ing  from  le n ic  to  l o t i e  c o n d i t io n s ,  w ith o u t added v a r i a b le s  
from  d i l u t i o n  w a te r .
The m ost s i g n i f i c a n t  im m ediate change in  th e  e f f l u e n t  as  i t
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p ro g re s s e s  u n d ilu te d  dow nstream  was found to  be th e  In c re a s e  In  c o l ifo rm  
o rg an ism s. For exam ple, th e  L e x in g to n  t r a n s p o r t  s tre a m  was o n ly  800 
f e e t  lo n g , b u t c o l ifo rm  d e n s i t i e s  more th a n  doubled  w i th in  t h i s  s h o r t  
d i s ta n c e .  T h is ,  how ever, i s  n o t  to o  s u r p r i s in g  as o th e r  in v e s t ig a to r s  
have found th e  same to  be t y p i c a l  when e i t h e r  raw  sewage o r  sewage t r e a t ­
ed by o th e r  c o n v e n tio n a l means i s  d is c h a rg e d  in to  r e c e iv in g  w a te r  ( K i t ­
t r e l l  and F u r f a r i ,  1963). I t  h a s  been  shown in  th e  l i t e r a t u r e ,  and w i l l  
be shown l a t e r ,  t h a t  d i e - o f f  o f  c o l i fo rm  b a c t e r i a  i s  r a p id  when d i l u t i o n  
i s  a v a i la b l e .
C o lifo rm  d i e - o f f  was found to  be r a p id  betw een s t a t i o n s  D-1 and 
D-2 (a n e t  50 p e rc e n t  r e d u c t io n  a f t e r  a th r e e f o ld  in c re a s e  betw een th e  
e f f l u e n t  and s t a t i o n  D-1) in  th e  Q u a il C reek  system  fo r  th e  two seaso n s  
when d i l u t i o n  was n o t  a v a i l a b l e .  On th e  o th e r  hand , a f t e r  one m ile  o f  
t r a v e l  dow nstream  from th e  M a y sv ille  pond ( s t a t i o n  M-2) in c re a s e s  in  
c o lifo rm s  found d u r in g  th e  s p r in g  and f a l l  o f f s e t  th e  r e d u c t io n s  found 
a t  th e  s t a t i o n  d u r in g  th e  w in te r  and summer, th e  n e t  annual e f f e c t  b e in g  
a p e r s is te n c y  o f  c o l ifo rm s .  In c r e a s e s  in  p la n k to n  w ere a l s o  found a t  
s t a t i o n  M-2 a f t e r  an i n i t i a l  45 p e r  c e n t  r e d u c t io n  betw een th e  e f f l u e n t  
and s t a t i o n  M-1.
F ig u re  9 i l l u s t r a t e s  th e  an n u a l av erag e  c o n c e n tr a t io n s  o f  th e  
oxygen demand and n u t r i t i o n a l  com ponents (BOD, N and P) in  th e  M a y sv ille  
e f f l u e n t  and a t  th e  two su b se q u en t dow nstream  s t a t i o n s .  R eductions in  
pond e f f l u e n t  BOD, N and P av erag ed  36 p e r  c e n t ,  18 p e r  c e n t  and 7 p e r  
c e n t ,  r e s p e c t iv e ly  a t  a d is ta n c e  o f  one m ile  below  th e  pond a lth o u g h  
m ost o f  t h i s  r e d u c t io n  o c c u rre d  w i th in  th e  f i r s t  one h a l f  m ile  o f  flo w . 
A lthough th e re  w ere no annual n i t r o g e n  (N) r e d u c t io n s ,  BOD re d u c t io n s
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o f  12 p e r  c e n t and p h o sp h a te  (P) r e d u c t io n s  o f  2 p e r  c e n t  were found in  
th e  e f f l u e n t  a t  s t a t i o n  L -1 ( te rm in a s  o f  t r a n s p o r t  s tre a m , 800 f e e t  from 
th e  pond) in  th e  L ex in g to n  System . The BOD, N and P r e d u c t io n  in  Q uail 
C reek pond e f f lu e n t  d u r in g  th e  w in te r  and s p r in g  ( th e  two seaso n s  o f 
u n d ilu te d  pond e f f l u e n t  flow  in  Dry CreelO averaged  40 p e r  c e n t ,  27 p e r  
c e n t and 34 p e r  c e n t  r e s p e c t iv e ly  a t  s t a t i o n  D -2, 1 3 /4  m ile s  dow nstream  
from th e  Q u a il C reek  pond.
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FIGURE 9: GRAPHICAL PRESENTATION OF THE AVERAGE BIOCHEMICAL
PARAMETERS DISCHARGED FROM THE MAYSVILLE POND AND 
SUBSEQUENT DOWNSTREAM CONCENTRATION IN THE TRANSPORT 
STREAM (UNDILUTED FLOW)
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Flow ing R e c e iv in g  Stream s
B iochem ical P aram e te rs  
D uring t h i s  s tu d y  th e  b io - o x id a t io n  ponds a t  B la n ch ard , B lu f f  
C reek , and Q u a il C reek  (d u r in g  th e  Summer and F a l l )  d is c h a rg e d  d i r e c t l y  
in to  sm all flo w in g  s tre a m s . As s tream flow s and c o n c e n tra t io n s  v a r ie d  
s e a s o n a l ly ,  lo a d in g s  w ere c a l c u la te d .  A com plete  summary o f  th e  n o r ­
m a lized  d a ta  i s  shown in  T ab le s  8 and 10, in  th e  app en d ix ; how ever, fo r  
c o m p a ritiv e  p u rp o ses  th e  minimum and maximum se a so n a l and annual av erage  
BOD, t o t a l  N itro g e n  (N) and t o t a l  P hosphate  (P) lo a d in g s  from  th e  ponds 
w ere;
BOD, lb s /D ay  N. lb s /D ay  P . lb s/D ay
POND M in. Avg. Max. M in. Avg. Max. M in. Avg. Max.
B lanchard  7 11 18 3 .1  5 .0  9 .8  0 .7 1  2 .3 8  4 .2 0
Q u a il C reek  15 43 81 8 .2  16.2  2 5 .9  11 .50  17.52 24 .48
B lu f f  C reek  137 332 575 532. 662, 960. 258. 297, 315.
When th e s e  lo a d s  w ere a p p l ie d  to  s im i la r ly  c h a r a c te r iz e d  s tre a m s,
i t  was found th a t  th e  r e s u l t a n t  p aram ete r l e v e l s  w ere la r g e ly  dependen t
on w hether o r  n o t th e  s tream  was p e r io d i c a l ly  sc o u re d . D uring th e  seasons
when s tream flo w s w ere i n s u f f i c i e n t  to  produce s c o u r in g  (summer, f a l l  and
w in te r)  th e  BOD, N and P showed a marked re d u c t io n  (as  much as 60 per
c e n t)  w ith in  th e  f i r s t  two m ile s  below  th e  o u t f a l l s ,  w ith  s im i la r  e f f e c t s
fo llo w in g  dow nstream  t r i b u t a r y  c o n f lu e n ts .  W ith in  th e  lo n g e r  reac h es
s tu d ie d  (d is ta n c e s  v a r ie d  from f iv e  to  seven  m i le s ) ,  th e  i n i t i a l  BOD
and N re d u c t io n s  w ere succeeded  by s l i g h t  in c r e a s e s ,  how ever, th e  n e t
re d u c t io n s  in  th e  BOD ranged  from  44 p e r  c e n t to  56 p e r c e n t ,  th e
re d u c t io n s  in  n i t r o g e n  (N) ranged  from 29 p e r  c e n t  to  55 p e r  c e n t ,  and
th e  p h o sp h a te  (P) r e d u c t io n s  ranged  from  30 p e r c e n t to  50 p e r  c e n t .
2 0 0 -
A verage L oad, 
Pounds/D ay
= BOD
TL= T o ta l  D a lly  Load 
* R =  Amount Removed 
Ri= R em aining Load
FIGURE 10: INPUT-OUTPUT BIOCHEMICAL BALANCE FOR THE BLANCHARD 
AND QUAIL-BLUFF CREEK SYSTEMS BASED ON AVERAGE DAILY 
LOADINGS DURING NON-SCOURING PERIODS (SUMMER, FALL 
AND WINTER)
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The av erag e  a p p lie d  and in s tre a m  BOD, N and P lo a d in g s  d u r in g  th e  seaso n s 
when s tream flo w  was n o n -sc o u rin g  i s  g r a p h ic a l ly  p re se n te d  in  F ig u re  10.
D uring  th e  sp r in g  seaso n  when s tream flo w  i s  maximum, th e  observed  
in - s tr e a m  lo a d in g s  w ere q u i t e  d i f f e r e n t  from th o se  found d u rin g  th e  
o th e r  se a so n s . The in c re a se d  sp r in g tim e  s tream flow s w hich a re  n e c e ssa ry  
fo r  supp lem en ting  dow nstream  u se s  a ls o  perfo rm  n a t u r e 's  c le a n in g . Some 
s tream  re a c h e s  may be co m p le te ly  scoured  w ith in  a m a tte r  o f  m inu tes f o l ­
low ing th e  h ig h  i n t e n s i t y ,  s h o r t  d u ra t io n  r a i n f a l l s  w hich a re  common to  
th e  c e n t r a l  Oklahoma a re a  d u r in g  th e  s p r in g .
One such ev e n t was re c o rd e d  d u r in g  a s p r in g  th u n d e rs tro m  on B erry  
C reek , o n e -q u a r te r  o f  a m ile  below  th e  B lanchard  b io -o x id a t io n  pond 
o u t f a l l .  The r a i n f a l l  was lo c a l iz e d  and to ta le d  o v er th re e  in c h es  d u rin g  
th e  two ho u r s to rm . The a n a l y t i c a l  d a ta  c o l le c te d  show th a t  th e re  i s  a 
su c c e s s iv e  o rd e r  o f  é lu v ia t io n  (se e  F ig u re  1 1 ). Peak c o n c e n tr a t io n s  o f
2
n it ro g e n  and phosphates s l i g h t l y  le a d  th e  maximum chem ical oxygen demand 
(COD), which in  tu rn  le a d s  th e  peak t u r b i d i t y .  The m ost lo g ic a l  i n t e r ­
p r e t a t i o n  o f  t h i s  d a ta  i s  th a t  n itro g e n o u s  and p hosphate  c o n ta in in g  ma­
t e r i a l s  a re  d e p o s ite d  in  th e  upper stream bed  l a y e r s ,  th u s ,  most su c c e p t-  
a b le  to  s c o u r in g . The more f irm ly  a t ta c h e d  a q u a t ic  f l o r a  i s  n e x t to  
y ie ld ,  le a v in g  th e  channe l l e s s  p r o te c te d  and s u b je c t  to  f u r th e r  e ro s io n .  
The f lo r a  d e tached  from th e  s tream b ed , p ass  as  a 's l u g '  a s  th e  s tream  
i f  f lu s h e d . T h is  s lu g  lo ad  m ust s t r e s s  th e  ecosystem  in  th e  q u ie sc e n t 
re a c h e s  dow nstream . As t h i s  e s tra n g e d  f l o r a  i s  th ra sh e d  a b o u t, many
^Chem ical oxygen demand (COD) was s u b s t i tu te d  fo r  BOD becau se  s u f ­
f i c i e n t  BOD b o t t l e s  were n o t a v a i la b le  a t  th e  tim e o f  t h i s  p a r t i c u l a r  s to rm . 
The COD m easures th e  amount o f  oxygen consumed in  th e  o x id a tio n  o f  o rg an ic  
and in o rg a n ic  m a tte r  by d ich ro m ate  and v a lu e s  a re  com parable to  th e  
u l t im a te  BOD.
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FIGURE 11: SCOURING EFFECTS OF RAINFALL RUNOFF—BERRY CREEK,
BLANCHARD, OKLAHOMA
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c e l l s  a re  u n d o u b te d ly  ly se d  th en  s u b je c te d  to  red u ced  s u n l ig h t  from th e  
h ig h ly  tu r b id  r u n o f f  w a te r .
D uring  th e  s p r in g  se a so n , th e re  was a t  l e a s t  p a r t i a l  s c o u rin g  in  
a l l  o f  th e  s tre a m s , and more pronounced in  th e  B lan ch ard  system  and 
th e  s e c t io n  o f  B lu f f  C reek  above th e  D eer C re e k -B lu f f  C reek c o n f lu e n ts .
The norm al e le v a te d  s p r in g  flow s w ere found to  e l u t r i a t e  most o f  th e  
m a te r ia ls  w hich accum ula ted  th ro u g h o u t th e  summer, f a l l  and w in te r .  
C o n seq u en tly , on an an n u a l b a s i s ,  some BOD and s o lu b le  N and P r e ­
d u c t io n s  w ere e x p e r ie n c e d , how ever, n e a r ly  a l l  o f  th e  t o t a l  N and P in p u ts  
w ere accoun ted  f o r  in  an in p u t-o u tp u t  b a la n c e  ( s e e  F ig u re  12) fo r  th e  
s tre a m  re a c h e s .  I n  th e  B lanchard  sy stem , th e  a v e ra g e  d a i ly  BOD, N and 
P re d u c t io n s  w ere found to  be 27 p e r  c e n t ,  4 p e r  c e n t  and 2 p e r  c e n t  r e ­
s p e c t iv e ly .  In  th e  Q u a il C reek system  (from  th e  Q u a il C reek pond to  
th e  B lu f f  C reek  pond, a d is ta n c e  o f  seven  m ile s )  th e  average  d a i ly  n i t r o ­
gen in p u t  was n o t reduced  a lth o u g h  th e  BOD and P w ere reduced  11 p e r 
c e n t  and 5 p e r  c e n t  r e s p e c t iv e ly .  The p o r t io n  o f  D eer C reek below  th e  
B lu f f  C reek  pond dampened in c re a se d  flow s and a t  ap p ro x im a te ly  seven 
m ile s  below  th e  B lu f f  C reek  pond, 24 p e r  c e n t  o f  th e  av erag e  d a i ly  in p u t 
BOD, 44 p e r  c e n t  o f  th e  n i t r o g e n ,  and 35 p e r  c e n t  o f  th e  p h o sp h a tes  
cou ld  n o t  be  acco u n ted  f o r  (se e  F ig u re  1 2 ).
B io lo g ic a l  P a ram e te rs
B esid e s  th e  t h r e a t  o f  chem ical f lu s h - o u t ,  th e  in s tre a m  biom ass 
i s  a n o th e r  s e a s o n a l  v a r ia b le  to  con tend  w ith .  C o lifo rm  b a c t e r i a  w ere 
found to  m u l t ip ly  w i th in  th e  f i r s t  q u a r te r  o f  a  m ile  below  th e  ponds o u t ­
f a l l s  and a l s o  below  th e  downstream  t r i b u t a r y  c o n f lu e n ts .  The amount o f
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FIGURE 12: INPUT-OUTPUT BIOCHEMICAL BALANCE FOR THE BLANCHARD
AND QUAIL-BLUFF CREEK SYSTEMS BASED ON AVERAGE DAILY 
LOADINGS.
44
re g ro w th  ranged  betw een 50 p e r  c e n t and 100 p e r  c e n t over th e  in p u t l e v e l s ,  
b u t c o lifo rm  d i e - o f f  fo llow ed  th e s e  I n i t i a l  In c re a s e s  In  a l l  th e  sy stem s.
For exam ple, th e  an n u a l av e rag e  c o l ifo rm  le v e l s  found o n e - fo r th  m ile  
dow nstream  from th e  Q u ail C reek  pond w ere 50 p e r  c e n t h ig h e r  th a n  th e  sum 
o f  e f f l u e n t  p lu s  th e  u p s tream  l e v e l s ;  y e t  one and one h a l f  m ile s  f u r th e r  
dow nstream  th e  le v e ls  had d e c re a se d  75 p e r  c e n t .
The c o l ifo rm  d e n s i t i e s  rem ain in g  ( r e s id u a l s )  a t  any p o in t  In  th e  
system  a re  s i g n i f i c a n t  from a p u b lic  h e a l th  s ta n d p o in t  as th e se  
organism s a re  w id e ly  used  as In d ic a to r s  o f  c o n ta m in a tio n . The u se  o f  
" re d u c tio n  p e rc e n ta g e s "  when d e a l in g  w ith  b a c t e r io l o g ic a l  d a ta  may le av e  
th e  unwary In d iv id u a l  w ith  a f a l s e  sense  o f  s e c u r i t y .  R eduction  p e r ­
c e n ta g e s  app ro ach in g  100 p e r  c e n t Im ply e x c e l le n t  tre a tm e n t when In  f a c t  
th e  b a c t e r i a l  q u a l i ty  may c o n tin u e  to  be a p o t e n t i a l  h e a l th  h a z z a rd .
For exam ple, R eid  and Wllcomb (1963) found th a t  th e  raw sewage from 
s e v e ra l  sm all Oklahoma com m unities had an av erag e  c o l ifo rm  c o n c e n tr a t io n  
o f  ap p ro x im ate ly  1 4 ,0 0 0 ,0 0 0 /100ml. W ith t h i s  I n f lu e n t  c o n c e n tr a t io n  
I t  fo llo w s th a t  a  b lo - o x ld a t lo n  pond (o r  any o th e r  method o f  tre a tm e n t)  
hav ing  an Im p ress iv e  99 .9  p e r  c e n t c o lifo rm  rem oval e f f ic ie n c y  would 
s t i l l  le av e  a s ta g g e r in g  14 ,000 /100  ml c o l ifo rm  r e s id u a l  In  th e  e f f l u e n t .
I n  a d d i t io n  to  r e p o r t in g  c o l ifo rm  r e s id u a l s  I t  would p e rh ap s be
more m ean ingfu l to  e x p re ss  c o lifo rm  rem oval In  term s o f  lo g a r i th m ic  
3
( lo g )  r e d u c t io n s .  For In s ta n c e ,  th e  s tu d y  ponds had av erag e  s e a so n a l
3Thls fo llo w s  a long  e s ta b l i s h e d  w a te r  works p r a c t i c e  o f  lo o k in g  
a t  lo g  d e n s i t i e s  (U. S. P u b lic  H e a lth  S e rv ic e ,  1927); a ls o  p r a c t ic e d  
by F a i r  (F a ir  and G ey e r, 1954) on b a c t e r i a  re d u c t io n  th rough  f i l t e r s ,
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c o lifo rm  r e s id u a l s  in  th e  e f f l u e n t  w hich ranged  from 4 0 ,0 0 0 /1 0 0  ml to  
3 ,80 0 ,0 0 0 /1 0 0  m l. Based on an  in f l u e n t  c o lifo rm  c o n c e n tr a t io n  o f  14, 
0 0 0 , 0 0 0 / 1 0 0  m l, th e  co lifo rm . rem oval e f f ic ie n c y  o f  th e  s tu d y  ponds ex­
p re sse d  as lo g  re d u c t io n s  would be betw een 8 p e r c e n t and 36 p e r  c e n t .
I n  th e  p rece ed in g  exam ple (Q u a il C reek system ) where th e re  was a 75 
p e r  c e n t r e d u c t io n  in  c o l ifo rm s  ( lo g  r e d u c t io n  o f  1 0 . 8  p e r c e n t ) ,  th e  
c o lifo rm  r e s id u a l  s t i l l  averaged  92,000/100m l! I t  was on ly  d u r in g  th e  
summer and a t  a d is ta n c e  o f  7 1 /4  m ile s  below  th e  B lanchard  pond th a t  
av erag e  c o l ifo rm  d e n s i t i e s  below  1 0 0 0 / 1 0 0  ml were found.
P lan k to n  (a la g e )
The s tream s w ere c l e a r  b o th  above and below  th e  ponds d u r in g  th e  
f a l l  and w in te r  and th e  ch an n e l bo ttom s su p p o rted  grow ths o f  b e n th ic  
a lg a e ,  th e  h a b i t a t  o f  bo ttom  d w e llin g  o rgan ism s. The p h y to p lan k to n  
(a lg a e )  lo a d in g s  a p p lie d  to  th e  system s w ere found to  i n i t i a l l y  
undergo r e d u c t io n s  s im i la r  to  th o se  d e sc r ib e d  fo r  th e  chem ica l p a ra m e te rs . 
D uring th e  w in te r ,  p h y to p la n k to n  re d u c t io n s  o f  o v er 90 p e r  c e n t  w ere 
found in  some o f  th e  lo n g e r s tre a m  re a c h e s  sam pled. W alnut C reek  b e in g  
th e  one e x c e p tio n .
W alnut C reek (7% m ile s  below  th e  B lanchard  pond) s u s ta in e d  i n ­
c re a se d  C h lo ro p h y ta  p o p u la tio n s  (p red o m in a te ly  C h lo r e l la ) n o t o n ly  d u r ­
in g  w in te r ,  b u t a l s o  d u r in g  th e  s p r in g  and f a l l .  T h is  was an  a re a  where 
th e  channel had been  le v e le d  fo r  f lo o d  c o n t ro l  m easu res; c o n s e q u e n tly , 
th e  s tream  flow  was v e ry  sh a llo w  and co m p le te ly  exposed to  s u n l ig h t ,  
c o n d itio n s  id e a l  fo r  a lg a l  p ro p a g a tio n .
R e la t iv e  to  th e  o v e r a l l  annual e f f e c t s ,  th e  p la n k to n  re d u c t io n s  
d u rin g  th e  f a l l  and w in te r ,  a s  w ith  th e  chem ical p a ra m e te rs , were o n ly
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tem porary . I n  a d d i t io n  to  a lg a e  becoming re su sp en d ed  from  th e  scou red  
zones d u rin g  th e  s p r in g ,  seco n d ary  a lg a l  blooms w ere found dow nstream  
from b o th  th e  Q u a il C reek  and B lanchard  ponds d u r in g  th e  summer. B ecause 
o f  th e se  in c r e a s e s ,  th e  av e ra g e  a lg a l  l e v e l s  in  th e  B lanchard  system  ex ­
ceeded th e  t o t a l  av e ra g e  d a i ly  in p u t lo a d in g s  by 60 p e r  c e n t .  I n  th e  
Q uail C reek sy stem , a t  a d is ta n c e  o f  7 m ile s  below  th e  pond, th e  amount 
o f  in s tre a m  p la n k to n ic  a lg a e  was more th a n  tw ice  th e  t o t a l  in p u t lo a d in g s .
In  a l l  c a se s  w here su b se q u en t p la n k to n  in c re a s e s  were found , i t  
was p red o m in a te ly  C yanophyta (b lu e -g re e n  a lg a e ) .  S p e c i f i c a l l y ,  A r th ro - 
s p i r a  blooms w ere ob serv ed  a t  a d is ta n c e  o f  7 m ile s  below  th e  Q u ail 
C reek pond, and A n a c y s tis  bloom s o c c u rre d  a t  2% m ile s  and a g a in  a t  7% 
m ile s  dow nstream  from th e  B lan ch ard  pond. Both A r th r o s i r a  and A n a c y s tis  
a re  c h a ra c te r iz e d  as " p o l lu te d  w a te r  a lg a e " ,  w ith  A n a c y s tis  f u r th e r  lin k e d  
w ith  t a s t e  and odor p roblem s and reknown as  a f i l t e r  c lo g g in g  a lg a  
(P alm er, 1962). A d d i t io n a l ly ,  d u r in g  th e  summer th e  a t ta c h e d  f ila m e n to u s  
grow ths (b e n th ic  a lg a e )  d is a p p e a re d  from th e  ch an n e l in  th e  a re a s  w here 
p la n to n ic  grow th f lo r i s h e d  and th e  s tre a m s , in s te a d  o f  b e in g  c l e a r ,  a s ­
sumed th e  g re e n is h  ap p ea ran ce  o f  th e  b io - o x id a t io n  pond e f f l u e n t .
The se a s o n a l p la n k to n  d a ta  in  F ig u re s  13 to  16 a re  p re s e n te d  to  
i l l u s t r a t e  th e  g e n e ra l t r e n d s  in  a lg a l  predom inance w i th in  th e  sy stem s. 
T h is  p a r t i c u l a r  exam ple i s  d a ta  ta k en  from  th e  7 m ile  s e c t io n  o f  r e c e iv in g  
s tream  below  th e  Q u a il C reek  b io -o x id a t io n  pond. I t  i s  ty p ic a l  o f  th e  
o th e r  system s in  th a t  i t  r e f l e c t s  th e  se a so n a l c o m p e tit io n  w ith in  th e  
mixed a lg a l  p o p u la t io n s .  A lthough  in s tre a m  f lu c u a t io n s  d id  o c c u r , th e  
E uglenophyta and C yanophyta p o p u la tio n s  ( in d ig e n o u s  b io - o x id a t io n  pond 
p la n k to n )  p r e v a i le d  in  th e  e n r ic h e d  sy stem s.
QUAIL CREEK
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CHAPTER V 
DISCUSSION AND CONCLUSIONS 
D isc u s s io n
The oxygen demand (BOD) o f  a w as tew a te r has lo n g  been  th e  d e s ire d  
p a ram e te r to  red u ce  b e fo re  th e  w astew a te r cou ld  be  c o n s id e re d  e f f e c t i v e ­
ly  t r e a te d  and d is c h a rg e d . W ith in  th e  p a s t  few y e a r s ,  o th e r  b io c h em ic a l 
p a ram e te rs  such as  n i t r o g e n  and phosphorous ( n u t r i e n t s )  have been  in c lu d ­
ed on th e  grow ing l i s t  o f  rem oval o b je c t iv e s .  I n  an  a t te m p t to  a b a te  
p o l lu t io n  by th e  m ost econom ical m eans, b io - o x id a t io n  ponds a re  in c r e a s ­
in g ly  b e in g  used  to  m eet w as tew a te r  tre a tm e n t needs o f  d ev e lo p in g  r e s ­
i d e n t i a l  a re a s  and tow ns, o r  as  t e r t i a r y  d e v ic e s  ( p o l i s h in g  ponds) 
becau se  o f  t h e i r  e f f i c i e n t  c a p a b i l i t y  o f  rem oving BOD, and n i t r o g e n  and 
phosphorous from th e  l iq u id  e f f l u e n t .  W hile c o n c e n tr a t in g  on rem oving 
b io c h em ic a l p a ra m e te rs  th e r e  h as  been  l i t t l e  re g a rd  f o r  th e  co n v e rs io n  
o f  m ass, o r  s h u f f l in g  o f  c o n s t i tu e n t s  w hich ta k e s  p la c e  w i th in  a pond 
and even l e s s  a t t e n t i o n  h as  b een  g iv en  to  th e  dow nstream  e f f e c t s  o f  th e  
" s h u f f le d "  pond e f f l u e n t .  So, t r e a tm e n t te c h n ic s  have  been  e v a lu a te d  by 
c r i t e r i a  th a t  a re  n o t com parab le . The end p ro d u c ts  d ev e lo p ed  in  and 
d isc h a rg e d  from a b io - o x id a t io n  pond b e in g  q u i te  d i f f e r e n t  from  th o se  
coming from o th e r  c o n v e n t io n a l w aste  tre a tm e n t m ethods y e t  th e  same 
g u id e l in e s  and p erfo rm ance  c r i t e r i a  — p e rc e n t rem oval and c o s ts  ( d o l l a r s ) -  
a re  used  in  e v a lu a t in g  a l l  m ethods. U n lik e  o th e r  sewage tre a tm e n t
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m ethods w here s lu d g e  rem oval I s  p r a c t ic e d ,  th e re  a re  e s s e n t i a l l y  l i t t l e  
o r  no mass lo s s e s  w i th in  a b io - o x id a t io n  pond, o th e r  th a n  a sm all p e r ­
cen tag e  o f  s e t t l e a b l e  i n e r t  m a te r ia ls  w hich a re  r e ta in e d  w ith in  the  
pond. A d d i t io n a l ly ,  th e  d eg ree  o f  tr e a tm e n t p re c e e d in g  a pond seem ingly
h as  l i t t l e  e f f e c t  on th e  av e ra g e  c o n c e n tr a t io n  o f  biom ass (suspended 
s o l id s )  d is c h a rg e d . As an exam ple , th e  one t e r t i a r y  i n s t a l l a t i o n  in  th e  
system s s tu d ie d  (B lu f f  C reek  ponds w hich fo llo w ed  an a c t iv a te d  s lu d g e  
p la n t )  was found to  d is c h a rg e  an  e f f lu e n t  w ith  an av e ra g e  a lg a l  concen­
t r a t i o n  o f  230 mg/L. U pstream , and on th e  same sy stem , th e  Q u ail C reek  
pond re c e iv e d  raw sewage (no p r io r  tr e a tm e n t)  y e t  th e  av e rag e  a lg a l  con­
c e n t r a t io n s  d is c h a rg e d  w ere ap p ro x im a te ly  th e  same (238 m g/L).
I t  has been  shown t h a t  sewage t r e a te d  by o th e r  c o n v e n tio n a l m ethods 
and d is c h a rg e d  in to  sm a ll i n t e r m i t t e n t  s tream s can  have m inim al ad v erse  
e f f e c t s  and can  u l t im a te ly  be b e n e f i c i a l  to  th e  s tre a m  by in c re a s in g  
p r o d u c t iv i ty .  B ecause o f  th e  n a tu re  o f  t r e a te d  sewage from c o n v e n tio n a l 
p la n ts  ( f r e q u e n t ly  an im balance o f  n u t r i e n t s ) ,  th e r e  i s  alw ays a p o s s i b i l ­
i t y  o f  n u t r i t i o n a l  p o l l u t io n  b u t  th e  s tre a m  resp o n d s  by making a d ju stm en ts  
in  c o m p e tit iv e  o rgan ism s w hich d is c o u ra g e s  com ple te  d om ination  by i n d i ­
v id u a l  s p e c ie s .  I f  a lg a e  does appear dow nstream , i t  i s  u s u a l ly  d is p e rs e d  
f ila m e n to u s  grow ths w hich p ro v id e  a d d i t io n a l  b e n th ic  h a b i t a t s ,  o r  a p ro ­
g re s s iv e  developm ent o f  p la n k to n ic  a lg a e  c o n s ta n t ly  b e in g  ch a llen g e d  by 
c o m p e tit iv e  o rgan ism s w ith in  th e  s tream . The e f f e c t s  o f  b io -o x id a t io n  
pond e f f lu e n t  on th e  s tream s a re  q u i te  d i f f e r e n t .
I t  was d em o n stra ted  in  t h i s  s tu d y  t h a t  when b io -o x id a t io n  pond 
e f f lu e n t  was d is c h a rg e d  in to  sm a ll i n t e r m i t t e n t  s tre a m s , w ith  th e  ex ­
c e p t io n  o f  s c o u r in g , th e  e f f l u e n t  responded  to  th e  s tre a m , r a th e r  th an
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th e  s tream  re sp o n d in g  to  th e  e f f l u e n t . In  e s s e n s e ,  th e  s tream s were 
a c o n t in u a t io n  o f  th e  ponds. For exam ple, th e  e f f lu e n t  from th e  B lanchard  
pond caused  th e  B O D -to -n itro g en -to -p h o sp h o ro u s  (BOD/N/P) r a t i o  o f  B erry  
C reek  ( th e  r e c e iv in g  s tream ) to  change from 1 /3 /1  to  4 /2 /1 ,  a r a t i o  more 
c lo s e ly  r e l a t e d  to  th e  p o n d 's  e f f l u e n t  r a t i o  (BOD/N/P r a t i o  o f  5 /2 /1 ) .
In  th e  Q u a il C reek  sy stem . Dry C re e k 's  BOD/N/P r a t i o  o f  2 /2 /1  changed to  
2 /1 /1  a f t e r  r e c e iv in g  th e  Q u a il C reek  pond e f f l u e n t  w ith  i t s  BOD/N/P 
r a t i o  o f  3 /1 /1 .
In  a d d i t io n  to  th e  b io c h e m ic a l a d ju s tm e n ts ,  th e  s tream s l o s t  much 
o f  t h e i r  b io lo g ic a l  i d e n t i t y  and assumed c h a r a c t e r i s t i c s  more c lo s e ly  
a s s o c ia te d  w ith  th e  b io lo g ic a l  lo a d in g s  from th e  pond e f f lu e n t .  I r o n ic  
as  i t  may seem, th e  ty p e s  o f  a lg a e  w hich a r e  d readed  dow nstream  from o th e r  
c o n v e n tio n a l sewage tre a tm e n t p la n ts  w ere th e  v e ry  ty p e s  which a re  b e in g  
d isc h a rg e d  c o n tin u o u s ly  from  b io - o x id a t io n  p o n d s . The most p e r s i s t e n t  
a lg a e  in  th e  system s w ere th e  E u g lenophy ta  and Cyanophyta as th e se  
p la n k to n  had l i t t l e  d i f f i c u l t y  making th e  t r a n s i t i o n  from t h e i r  a c c lim a te d  
l i f e  in  th e  pond to  th e  s tre a m . Once th e s e  p la n k te r s  ga in ed  a " fo o th o ld  ", 
in d ig en o u s  s tream  p la n k to n  seem ing ly  a f fo rd e d  l i t t l e  c o m p e tit io n . In  
th e  ex trem e c a se s  such as  d u rin g  th e  summer months when b lu e  g reen  a lg a e  
(C yanophyta) dom inated v a r io u s  dow nstream  a r e a s ,  even th e  b e n th ic  a lg a e  
co u ld  n o t com pete and th ey  too  s u b se q u e n tly  d is a p p e a re d .
In  summary, th e  fo llo w in g  e v e n ts  o c c u rre d  when a b io -o x id a t io n  
pond e f f lu e n t  was d isc h a rg e d  in to  a s tre a m ; The e f f lu e n t  p la n k to n  was 
i n i t i a l l y  reduced  fo r  re a so n s  n o t w e ll  u n d e rs to o d . I t  i s  c o n je c tu re d  
th a t  t h i s  r e d u c t io n  was due to  p a r t i c l e  s o r p t io n  o r  p o s s ib ly  a lo s s  o f  
bouyancy d u r in g  th e  t r a n s i t i o n a l  tu rb u la n c e .  A re d u c t io n  in  n i t ro g e n
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(N ), phosphorous (P ) ,  and BOD accom panied th e  p la n k to n  r e d u c t io n . A f te r  
s e t t l i n g ,  some o f  th e  p la n k to n  was r e ta in e d  on th e  bo ttom  (p ro b ab ly  
dorm ant ) ,  o th e r  p la n k te r s  may have been  ly s e d ,  w h ile  some p e r s i s te d  in  
th e  s tream flow . When c e l l  ly s ln g  o ccu rs  some N and P I s  r e le a s e d  and 
becomes a v a i la b le  fo r  a s s im i la t io n  by a q u a t ic  v e g e ta t io n .  A d d it io n a l ly ,  
some ph o sp h a tes  may be c h e m ic a lly  p r e c i p i t a t e d  depending  on th e  pH and 
o th e r  chem ica l p a ra m e te rs . However, w ith  th e  re d u c t io n s  In  mixed p la n k to n  
p o p u la tio n s  th e  c o m p e tit iv e  b a la n c e  I s  u p s e t  and th e  h ardy  and p e r s i s t e n t  
p la n k te r s  p r e v a i l ,  b u t w ith  l e s s  a v a i la b le  N and P . These s e r i e s  o f 
e v e n ts  may have been  th e  re a so n  why th e  p la n k to n  In  th e  re c e iv in g  s tream  
In c re a se d  dow nstream , y e t  o v e r a l l  c o n c e n tra t io n  o f  N and P were red u ced .
The d is c h a rg e  o f  c o l ifo rm  organism s from  a b lo -o x ld a t lo n  pond I s  
a s u b je c t  w hich needs f u r th e r  r e s e a rc h  from a c o n t ro l  s ta n d p o in t .  B lo- 
o x ld a tlo n  ponds a re  by no means u n ique  In  d is c h a rg in g  c o lifo rm  o rg an ism s, 
as a l l  sewage tre a tm e n t p ro c e s se s  d is c h a rg e  v a ry in g  c o lifo rm  c o n c e n tra ­
t i o n s .  Howevei^ w ith  o th e r  tre a tm e n t p ro c e s s e s ,  d i s in f e c t io n  (p r im a r i ly  
c h lo r in a t io n )  o f  th e  e f f l u e n t  h as  been  shown to  be q u i te  e f f e c t iv e  In  
re d u c in g  c o lifo rm  r e s id u a l s  to  n o n d e te c ta b le  l e v e l s .  C h lo r in a tio n  o f  
pond e f f lu e n t  needs to  be e v a lu a te d  from th e  s ta n d p o in t  o f  ( 1 ) e f f e c t i v e ­
n e s s ,  and ( 2 ) downstream  e f f e c t s ,  as I t  would appear t h a t  much o f  th e  
p la n k to n  would be  e q u a l ly  s u s c e p t ib le  to  any d i s i n f e c t a n t .
C o n c lu sio n s
T h is  s tu d y  c o n s id e re d  th e  r e c e iv in g  s tre a m  as an I n te r g r a l  p a r t  
o f  th e  b lo -o x ld a t lo n  pond method o f  tre a tm e n t and s tu d ie s  were co n d u c t­
ed o v er a two y e a r  p e r io d  on f iv e  ponds and t h e i r  a s s o c ia te d  r e c e iv in g  
s tre a m s. A v a r i e ty  o f  ponds and s tream s (sy stem s) p ro v id ed  a means
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o f  o b se rv in g  and com paring s e a so n a l tre n d s  and re c o g n iz in g  some o f  th e  
e f f e c t s  o f  th e  e f f l u e n t ,  a s u b je c t  long  o v erlo o k ed . T h is  s tu d y  a f fo rd s  
a b e t t e r  u n d e rs ta n d in g  o f  th e  system  and m ost im p o r ta n t , i t  r e p re s e n ts  
a " r e a l  w orld"  s i t u a t i o n  w ith  a l l  o f  i t s  v a r i a b le s .  S p e c i f i c a l ly ,  i t  
i s  concluded  t h a t :
1 . A b io - o x id a t io n  pond p lu s  a t r a n s p o r t  s tream  (u n d ilu te d  flow  
o f  e f f l u e n t )  can  remove from one to  e le v e n  p e r c e n t  more o f  
th e  b io c h em ic a l oxygen demand (BOD) th a n  a pond a lo n e .
T o ta l  n i t r o g e n  (N) and t o t a l  p h o sp h a tes  ( P ) , c o n se rv a tiv e  
p a ram e te rs  in  a  b io - o x id a t io n  pond, can  be reduced  as much 
as e ig h te e n  p e r  c e n t  and seven  p e r  c e n t ,  r e s p e c t iv e ly  by 
th e  s tre a m . B io lo g ic a l  c h a r a c t e r i s t i c s  (p la n k to n  and 
c o l ifo rm  le v e l s )  rem ain  e s s e n t i a l l y  unchanged.
2 . A b io - o x id a t io n  pond p lu s  a r e c e iv in g  s tream  w hich i s  
s e a s o n a lly  sco u red  can remove from one to  n in e  p e r  c e n t more 
BOD, from l e s s - th a n  one p e r  c e n t to  fo u r p e r  c e n t  more N, 
and two to  f iv e  p e r  c e n t more P th a n  a b io - o x id a t io n  pond 
a lo n e .
3. C o n tro l o f  stream bed  sco u rin g  could  e f f e c t  in  r a i s i n g  th e  
e f f i c i e n c y  o f  th e  b io -o x id a t io n  pond -  r e c e iv in g  s tream  
system  to  w here ap p ro x im ate ly  one to  t h i r t e e n  p e r  c e n t more 
BOD, tw e n ty -n in e  to  f i f t y - f i v e  p e r  c e n t  more N, and t h i r t y  to  
f i f t y  p e r  c e n t  more P cou ld  be removed th a n  in  a pond 
a lo n e . S co u rin g  c o n t ro l  would a ls o  red u ce  c o n c e n tra te d  
dow nstream  lo a d in g s  a f t e r  in te n s e  r a i n f a l l .
4 . E xcep t fo r  s c o u r in g , b io -o x id a t io n  ponds and b io -o x id a t io n  
pond -  r e c e iv in g  stream s behave e s s e n t i a l l y  th e  same. The 
pond th e r e f o r e ,  does n o t e c o lo g ic a l ly  im prove th e  r e c e iv ­
in g  s tream  and th e  c r i t e r i a  p r e s e n t ly  used  to  e v a lu a te  th e  
e f f e c t iv e n e s s  o f  w aste  tre a tm e n t (BOD. N and P) do n o t 
id e n t i f y  s u f f i c i e n t l y  th e  d i f f e r e n c e  in  pond and p o n d -p lu s - 
s tream  p e rfo rm a n ce .
5 . The r e c e iv in g  s tream  must be c o n s id e re d  an in t e g r a l  p a r t  
o f  th e  b io - o x id a t io n  pond method o f  tr e a tm e n t (o th e r  than  
th e  s e l f - c o n ta in e d  e v a p o ra tiv e  p o n d s). U n t i l  an  econom ical 
means o f  h a r v e s t in g  th e  e f f lu e n t  a lg a e  becomes a r e a l i t y ,  
th e  i n s t a l l a t i o n  and u se  o f  b io -o x id a t io n  ponds shou ld  be 
c a r e f u l ly  c o n s id e re d  w ith  t h e i r  im pact on th e  s tream .
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6 . The com posite  e v a lu a t io n  o f  c o n v e n tio n a l sewage tre a tm e n t 
p ro c e s s e s  ( t r i c k l i n g  f i l t e r ,  a c t iv a t e d  s lu d g e )  a g a in s t  a 
b io - o x id a t io n  pond, m ust be made a g a in s t  th e  (b io - o x id a t io n  
pond -  r e c e iv in g  s tream ) co m b in a tio n  to  j u s t l y  d em o n stra te  
an  econom ic com parison .
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P a ra m e te rs . C o n c e n tra tio n s
L o c a tio n Season
BOD,
me/ 1
K j-N , 
mg/ 1  
as  N
NH3 , 
mg/ 1  
as  N
T-PO4 , 
mg/ 1  
as  P
O-PO4 , 
mg/ 1  
a s  P
P la t e  C o u n t, 
X 1 0 ^/m l
C o lifo rm s , 
X  lO^/lOOml
P la n k to n , 
ASU X 10^/ml
W in te r 27 5 2 .6 3 2 .0 0 19 .5 0 1 6 .4 0 107 2700 158
L ex in g to n S p rin g 18 2 1 .5 5 .5 2 11 .45 6 .9 0 52 1400 162
B io -o x . Pond Summer 8 1 1 . 8 3 .0 0 6 .7 0 5 .5 0 46 1 1 0 0 133
E f f lu e n t F a l l 13 17 .5 15.76 8 .3 3 6 .9 3 16 52 107
W in te r 23 5 6 .0 48 .00 17 .30 16 .42 113 8200 155
S ta t io n S p rin g 14 2 4 .0 4 .45 10 .9 0 7 .2 5 38 3000 265
L-1 Summer 8 1 1 . 8 3 .70 8 .05 6 . 2 0 49 1 2 0 0 97
F a l l 13 1 2 .9 6 .6 4 8 .5 3 4 .6 0 2 0 40 52
W in ter 10 6 . 0 1 .5 0 11 .90 6 . 0 0 30 35 9
M a y sv ille S p rin g 11 3 .6 0 .9 9 2 .8 0 1 . 6 6 3 50 1 0 0
B io -o x . Pond Summer 13 3 .4 0 .75 2 .5 0 1 .4 0 13 290 51
E f f lu e n t F a l l 21 7 .6 0 .6 4 4 .85 4 .7 8 6 6 6 9
W in ter 7 7 .1 1 .16 10 .70 5 .0 2 35 30 . 9
S ta t io n S p rin g 5 6 . 0 1 .36 2 .7 5 1 . 8 8 9 1 0 0 32
M-1 Summer 3 2 . 8 1 .05 2 .3 0 1 .9 0 13 2 0 0 43
F a l l 23 6 . 2 0 .6 9 4 .9 8 4 .91 29 10 6
W in ter 5 3 .0 1 .0 4 9 .98 3 .8 0 30 10 13
S ta t io n S p rin g 7 2 .9 1 .1 4 2 .7 0 2 . 0 0 5 250 125
M-2 Summer 1 1 . 8 1 .75 2 .31 1 . 2 0 9 2 2 0 29
F a l l 21 9 .0 1 .35 5 .6 0 5 .5 6 51 35 1
O 'NJ
TABLE 7
SUMMARY OF AVERAGE SEASONAL DATA - -  QUAIL CREEK
AND BLUFF CREEK SYSTEMS
(1966 -  1968)
L o c a tio n Season
BOD,
mg/ 1
K j-N , 
mg/ 1  
as  N
NH3 , 
mg/ 1  
as  N
T-PO4 , 
mg/ 1  
as  P
O-PO4 , 
mg/ 1  
a s  P
P la t e  C oun t, 
X 103/m l
C o lifo rm s , 
X 1 0 3 /1 0 0 ml
P la n k to n , 
ASU X 103/m l
W in ter 40 1 2 .9 5 .5 0 12 .2 4 10 .16 17 300 76
Q u a il C reek S p rin g 24 4 ,1 3 .8 7 8 .52 7 .3 4 24 1 0 0 118
B io -o x . Pond Summer 7 6 .3 3 .9 0 5 .7 5 4 .0 2 458 460 190
E f f lu e n t F a l l 15 9 .1 5 .0 0 8 .5 4 6 .4 3 15 50 92
W in ter ■ ilO C XwW • —
Dry C reek S p rin g no rxow
Summer 1 2 . 0 0 .5 9 1 .7 8 0 .3 3 1310 150 225
F a l l 4 3 .7 1 .8 0 1 .26 0 .6 7 61 25 25
W in te r 42 1 4 .0 7 .2 6 10 .96 7 .6 8 55 950 56
S ta t io n S p rin g 27 5 .8 4 .8 0 7 .47 6 .8 7 1 1 2 400 89
D-1 Summer 5 5 .2 3 .9 2 4 .8 5 1 .4 1 96 1 0 0 206
F a l l 4 3 .0 1 .4 0 5 .3 2 1 . 6 8 15 30 40
W in te r 28 8 .9 6 .37 8 .7 0 5 .5 3 4 50 26
S ta t io n S p rin g 11 3 .6 2 .37 4 .67 3 .6 8 9 150 42
D-2 Summer 2 5 .6 3 .1 4 3 .2 8 0 .7 4 41 145 157
F a l l 6 5 .9 1 .62 4 .3 2 3 .97 30 25 22
ONw
TABLE 7 — Continued
L o c a tio n Season
BOD,
tOR/l
K j-N , 
mg/ 1  
a s  N
NH3, 
mg/ 1  
as  N
T-PO4 , 
mg/ 1  
as  P
O-PO4 , 
mg/ 1  
as  P
P la t e  C oun t, 
X  103/m l
C o lifo rm s , 
X  103/100m l
P la n k to n , 
ASU X  103/m l
W in ter 5 0 .5 0 .3 5 0 .8 3 0 .0 8 2 50 1
B lu f f  G reek S p rin g 1 0 . 8 0 .57 0 . 8 6 0 .17 5 40 < 1
Summer 2 1 .4 0 .27 1 .5 9 0 .1 6 32 250 54
F a l l 1 2 . 6 1 . 0 0 0 .9 3 0 .3 5 6 35 2
W inter 7 1 .4 1 .17 3 .5 5 1 .95 8 45 3
S ta t io n S p rin g 3 3 .1 1 .47 3 .67 0 .7 5 26 450 15
B-1 Summer 2 1 .4 0 .8 0 0 .9 9 0 .2 8 113 50 90
F a l l 1 2 . 6 1 . 0 2 1 . 8 8 0 .97 6 25 8
W in ter 7 2 . 1 0 .9 6 2 . 0 0 1 .8 3 3 40 2
S ta t io n S p rin g 5 2 .4 1 .6 9 2 .3 2 0 .5 6 23 1 0 0 44
B-2 Summer 2 2 .4 1 .5 8 2 .1 5 0 .6 7 82 50 272
F a l l 2 2 . 2 1 .65 1 .42 0 .77 2 18 6
W inter 35 3 1 .9 29 .5 0 18.87 14 .5 0 28 900 23
B lu f f  C reek S p rin g 17 57 .2 40 .10 19 .0 0 16 .3 3 1 1 450 1 1 2
B io -o x . Pond Summer 2 0 39 .5 28 .56 15 .50 1 1 . 6 6 720 3800 283
E f f lu e n t F a l l 8 29 .7 17 .25 17 .80 16 .73 13 40 40
TABLE 7 - -  Continued
P a ra m e te r s > C o n c e n tra tio n s




mg/ 1  
as  N
NH3 , 
mg/ 1  
as  N
T-PO4 , 
mg/ 1  
a s  P
O-PO4 , 
mg/ 1  
as  P
P la t e  C oun t, 
X lO ^/m l
C o lifo rm s , 
X 1 0 ^ / 1 0 0 ml
P la n k to n , 
ASU X 1 0 ^ /ml
W in te r 7 0 .9 0 .56 2 .5 2 0 . 2 0 4 25 < 1
D eer C reek S p rin g 4 4 .0 3 .6 4 3 .4 6 0 .8 7 8 40 < 1
Summer 1 8 .3 0 .2 8 2 . 2 0 0 .1 3 187 50 7
F a l l 1 2 . 0 1 . 6 8 1 .6 0 0 .5 3 7 35 3
W in ter 9 1 0 . 1 9 .42 7 .1 8 6 .37 14 50 2
S ta t io n S p rin g 15 1 2 .4 1 0 . 1 0 7 .10 5 .4 0 5 250 16
DC-1 Summer 3 6 . 6 3 .85 4 .6 0 3 .0 0 2 1 0 1150 2 1 1
F a l l 4 1 3 .0 7 .89 8 .5 3 7 .56 2 25 17
W in te r 1 1 13 .2 11.65 6 .0 5 5 .7 8 3 17 1
S ta t io n S p rin g 10 12 .9 9 .73 7 .57 5 .5 0 12 30 19
DC-2 Summer 4 3 .9 2 .31 1 .62 1 .0 6 227 50 152




SUMMARY OF AVERAGE SEASONAL LOADINGS BASED ON AVERAGE CONCENTRATIONS
AND FLOWS - -  QUAIL CREEK AND BLUFF CREEK SYSTEMS
(1966 - 1968)
L o c a tio n Season
L o ad in g . L b s/d a v
BOD
KJ-N, 
a s  N
NH3 , 
a s  N
T-PO4 , 
a s  P
O-PO4 , 
a s  P
P la t e  C o u n t,
X 1 0 - 2
C o lifo rm s , 
X 10-3 P la n k to n
W in ter 81 2 5 .9 1 1 . 0 0 24 .4 8 2 0 .3 0 1 .4 2 .4 304
Q u a il C reek S p rin g 47 8 . 2 7 .7 4 1 7 .0 4 14 .6 8 1 .9 0 . 8 470
B io -o x . Pond Summer 15 12 .7 7 .8 0 11 .50 8 .0 4 3 6 .7 3 .7 761
E f f lu e n t F a l l 30 18 .1 1 0 . 0 1 17 .08 1 2 . 8 6 1 . 2 0 .4 367
W in ter F lo w --------------------
Dry C reek
S ta t io n
D-1
S ta t io n
D-2
S p rin g
Summer
F a l l
W in te r
S p rin g
Summer
F a l l
W in te r
S p rin g
Summer

























1 4 .3 9
4 .5 5














- - -  No Flow 
0 .8 4  
1.12
15 .36







8 5 .5 1 . 0 750
3 .0 0 . 1 62
4 .4 7 .6 224
8 .9 3 .2 354
1 4 .1 1 .4 1510
1 9 .5 0 .4 260
0 .3 0 .4 103
0 .7 1 . 2 167
6 . 0 2 . 1 1151
3 .8 0 .3 140
TABLE 8 - -  Continued
L o c a tio n Season





a s  N
T-PO4 ,
a s  P
O-PO4 , 
a s  P
P la t e  C o u n t, 
X 10-2
C o lifo rm s , 
X 10-3 P la n k to n
W in te r 20 1 . 8 1 . 2 0 3 .3 2 0 .3 2 0 .3 0 . 8 1 0
B lu ff  C reek S p rin g 24 1 7 .0 14 .78 18 .75 3 .7 0 0 .4 4 .4 < 1
Summer 19 17.5 3 .3 8 19 .87 2 . 0 0 16 .2 16 . 1351
F a l l 7 19 .7 7 .50 6 .9 8 2 .6 2 1 . 8 1 . 0 32
W in ter 42 8 . 2 7 .02 2 0 .3 0 1 1 .7 0 2 . 2 1 . 1 40
S ta t io n S p rin g 69 74 .2 34 .99 87 .35 17 .85 2 4 .8 4 3 . 726
B-1 Summer 25 2 2 . 1 1 2 .9 4 16 .00 4 .5 2 73 .3 4 .3 2902
F a l l 6 2 7 .4 10.97 2 0 . 2 1 10 .43 2 . 6 1 . 2 180
W in ter 44 1 2 . 6 5 .7 6 1 2 . 0 0 10 .98 0 . 6 1 . 0 2 0
S ta t io n S p rin g 124 5 7 .6 40 .22 55 .21 13 .32 2 2 . 0 9 .6 2 1 2
B-2 Summer 29 3 8 .3 2 5 .56 3 4 .76 10 .83 5 3 .4 3 .0 8824
F a l l 25 2 3 .1 17 .73 15 .26 8 .2 8 0 . 8 0 . 8 118
W in te r 575 532 . 494 . 315. 242. 1 8 .7 61 . 774
B lu f f  C reek S p rin g 290 960. 675 . 317 . 273. 7 .4 2 9 . 3750
B io -o x . Pond Summer 327 660. 476. 258 . 245 . 4 8 0 .4 253. 9440
E f f lu e n t F a l l 137 496. 288. 297. 269 . 9 .0 2 . 8 1339
O '
TABLE 8 - -  Continued
L o ad in g . L b s /d a v
L o c a tio n Season BOD





a s  P
O-PO4 , 
a s  P
P la t e  C o u n t,
X 10-2
C o lifo rm s , 
X 10*3 P la n k to n
W in ter 40 5 . 2 . 14 . 1 . 9 .2 0 .6 < 1
D eer C reek S p rin g 67 64 . 59 . 56 . 14 . 5 1 .1 2 .3 < 1
Summer 12 87. 3 . 2 3 . 1 . 7 7 .6 2 .1 147
F a l l 4 1 2 . 1 0 . 10 3 . 1 7 .5 1 .4 43
W in ter 261 284 . 272. 2 0 2 . 181. 15. 5 .4 128
S ta t io n S p rin g 870 700. 570. 403. 304. 1 1 . 5 5 .0 1790
DC-1 Summer 130 286 . 167. 199. 130. 364. 2 0 .1 19100
F a l l 138 440. 265. 287 . 255 . 2 . 3 .5 1134
W in te r 338 375. 332. 172. 164. 3 . 2 .2 57
S ta t io n S p rin g 600 730. 550. 428. 310. 2 7 . 1 5 .3 1100
DC-2 Summer 150 170. 100 . 70. 50 . 394 . 8 .7 13300




SUMMARY OF AVERAGE SEASONAL DATA - -  BLANCHARD SYSTEM
(1966 -  1968)
P a ra m e te r s . C o n c e n tra tio n s
L o c a tio n Season
BOD,
mg/ 1
K j-N , 
mg/ 1  
a s  N
NH.3 , 
mg/ 1  
as  N
T-PO4 , 
mg/ 1  
a s  P
O-PO4 , 
mg/ 1  
a s  P
P la t e  C o u n t, 
X 10^ /ml
C o lifo rm s  » 
xlO^/lOOml
P la n k to n . 
ASU X 10^/ml
W in te r 30 2 9 .7 1 1 . 2 2 6 .7 3 4 .1 5 80 1600 1 7 6 .4
B lanchard S p rin g 54 7 .4 4 .8 7 7 .26 5 .8 4 76 1300 13 4 .7
B io -o x . Pond Summer 21 1 3 .9 3 .6 7 12 .7 6 8 . 6 8 69 150 142 .5
E f f lu e n t F a l l 25 9 .3 1 .0 5 2 .1 5 2 .0 7 26 350 5 9 .4
W in te r < l 1 .9 0 .72 1 .4 5 0 .4 7 2 140 < 0 . 1
B erry S p rin g 1 2 .5 0 .7 4 1 . 0 2 0 .1 9 1 0 40 1 .4
C reek Summer < 1 0 . 8 0 .52 0 .8 4 0 .1 3 3 < 1 0 .9
F a l l 4 7 .6 0 .3 7 0 .1 6 0 .0 9 2 1 0 0 3 .0
W in te r 3 4 .7 0 . 6 6 1 .7 3 0 .6 7 76 700 32 .5
S ta t io n S p rin g 7 2 . 8 1 .07 1 .52 0 .9 0 17 500 152 .6
BC-1 Summer 4 2 .9 0 .9 0 2 .4 4 2 .2 8 45 13 2 0 . 2
F a l l 5 4 .5 0 .5 3 0 .4 3 0 . 2 1 2 50 8 . 0
W in ter 2 3 .8 0 .5 6 1 .8 9 0 .4 0 57 50 13 .1
S ta t io n S p rin g 8 3 .5 2 .1 8 1 .6 5 1 .0 8 19 470 78 .8
BC-2 Summer 3 2 . 6 0 .7 7 2 . 1 1 1 .6 7 20 45 3 0 .0
F a l l 10 5 .1 0 .62 0 .3 9 0 .3 5 7 40 5 .0
W in te r 2 2 .5 0 .6 0 1 .15 0 .3 0 1 35 2 . 0
South  Fork S p rin g 2 3 .6 0 .8 4 1 .45 0 .0 9 2 40 3 8 .8
W alnut C reek Sumner <1 0 .7 0 .62 0 .82 0 .0 3 < 1 41 < 0 . 1
F a l l 3 2 . 1 0 .3 7 0 .1 8 0 . 1 0 2 25 1 .9
ON
VO
TABLE 9 - -  Continued
P a ra m e te rs , C o n c e n tra tio n s
L o c a tio n S eason
BOD,
mg/ 1
K j-N , 
mg/ 1  
as  N
NH3 , 
mg/ 1  
as  N
T-PO4 , 
mg/ 1  
a s  P
O-PO4 ,
mg/ 1  
as  P
P la t e  C o u n t, 
X 10^ /ml
C o li fo rm s , 
xl03/10O m l
P la n k to n , 
ASU X 103/m l
W in ter 2 2 . 6 0 .4 4 1 .3 1 0 .2 8 18 30 9 .2
S ta t io n S p rin g 3 2 .7 0 .7 5 1 .2 3 0 .2 5 7 2 0 0 32 .2
SF-1 Summer 1 0 . 6 0 .3 4 0 .4 6 0 .4 3 12 5 4 .0
F a l l 4 2 .3 0 .6 7 0 .1 9 0 .0 9 7 15 1 .3
W in te r 2 5 .0 0 .8 0 1 .3 0 0 .3 4 9 50 1 . 0
S tream  A S p rin g 1 2 . 0 0 .6 7 1 . 0 2 0 . 1 0 17 400 3 6 .9
Summer 2 0 . 6 0 .5 2 0 .7 1 0 .0 3 < 1 < 1 < 0 . 1
F a l l 1 2 . 8 0 .3 0 0 .1 5 0 .0 8 8 17 1 . 0
W in ter 5 3 .4 0 .8 5 1 .4 4 0 .4 3 1 45 3 .7
N orth  Fork S p rin g 2 3 .3 0 .8 2 1 . 0 1 0 . 1 2 11 2 0 4 .2
W alnut C reek Summer 1 0 .4 0 .4 0 0 .4 5 0 .0 5 5 1 0 . 8
F a l l 4 1 . 2 0 .6 0 0 .1 6 0 .0 9 1 25 2 . 2
W inter 1 1 . 1 0 . 6 8 1 .2 8 0 .4 0 1 0 40 9 .5
W alnut C reek S p rin g 2 3 .5 0 .7 3 1 .3 8 0 . 1 2 4 1 0 0 3 0 .8
Summer 1 0 .7 0 .51 0 .5 3 0 . 0 1 3 < 1 1 8 .3
F a l l 2 1 . 8 0 .3 5 0 .1 9 0 .0 9 5 18 2 . 0
o
TABLE 10
SUMMARY OF AVERAGE SEASONAL LOADINGS BASED ON AVERAGE
CONCENTRATIONS AND FLOWS - -  BLANCHARD SYSTEM
(1966  -  1968 )
L o c a tio n Season
L o ad in g . L b s /d a v
BOD
K j-N , 




a s  P
O-PO4 , 
a s  P
P la t e  C oun t,
X 10-2
C o lifo rm s , 
X 10-4 P la n k to n
W in te r 10 9 .8 3 .7 0 2 . 2 2 1 .3 7 1 . 0 2 . 0 117
Pond S p rin g 18 2 .4 1 .58 2 .4 0 1 .9 3 1 . 0 1 .7 89
E f f lu e n t Summer 7 4 .6 1 . 2 1 4 .2 0 2 . 8 6 0 .9 0 . 2 94
F a l l 8 3 .1 0 .3 4 0 .71 0 .5 8 0 .4 0 .5 39
W in te r < 1 3 .8 1 .4 4 2 .9 0 0 .9 4 < 0 . 1 0 . 1 < 1
B erry S p rin g 3 8 .4 2 .4 6 3 .38 0 .6 3 1 .3 0 .5 9
C reek Summer < 1 0 .9 0 .6 1 0 .9 8 0 .1 5 0 . 1 < 0 . 1 2
F a l l 3 5 .2 0 .2 5 0 . 1 1 0 .0 6 < 0 . 1 0 .3 4
W in te r 2 2 .5 0 .3 5 0 .9 3 0 .36 1 . 6 1 .5 34
S ta t io n S p rin g 27 1 0 . 0 3.92 5 .5 5 3 .3 0 2 .5 8 . 0 1 1 2 0
BC-1 Summer 5 4 .3 1 .35 3 .6 0 3 .42 2 .7 0 . 1 61
F a l l 5 4 .5 0 .5 3 0 .4 3 0 . 2 1 0 .3 0 . 2 16
W in te r 1 2 . 0 0 .3 0 1 . 0 0 0 . 2 1 1 . 2 0 . 1 14
S ta t io n S p rin g 30 1 3 .0 8 . 0 0 5 .9 8 3 .9 8 2 . 8 6 . 8 578
BC-2 Summer 4 4 .0 1 .15 3 .16 2 .5 0 1 . 2 < 0 . 1 90
F a l l 10 5 .2 0 .6 2 0 .3 9 0 .3 5 0 .3 0 . 2 10
W inter 2 2 .3 0 .5 5 1 .06 0 .2 7 < 0 . 1 0 . 2 37
S ou th  Fork S p rin g 24 5 4 .5 12 .60 21 .8 0 1 .3 5 1 .3 2 .4 1164
W alnut C reek Summer < 1 2 .5 2 .2 3 2 .9 5 0 . 1 0 0 . 1 < 0 . 1 < 1
F a l l 3 4 .5 0 .7 7 0 .3 7 0 .1 8 0 . 1 0 , 1 79
TABLE 10 - -  Continued






a s  P
O-PO4 , 
a s  P
J. i lK • A i U 9 / U d Y
P la t e  C oun t,
X 1 0 - 2
C o lifo rm s , 
X  10-4 P la n k to n
W in ter 3 3 .8 0 .6 4 1 .9 0 0 .4 1 0 .7 0 . 1 17
S ta t io n S p rin g 62 50 .2 14 .00 2 3 .00 4 .6 6 4 .1 1 . 2 966
SF-1 Summer 6 2 . 8 1 .7 4 2 .3 4 2 .1 8 1 .7 <  0 . 1 29
F a l l 13 7 .0 2 . 1 0 0 .5 9 0 .2 7 0 .5 0 . 2 5
W in te r <  1 0 . 6 0 .0 9 0 .1 5 0 .0 4 <  0 . 1 <  0 . 1 < 1
S tream  A S p rin g 4 6 . 2 2 . 1 2 3 .2 3 0 .3 2 2 . 1 5 .0 234
Summer 2 0 . 6 0 .5 6 0 .7 7 0 .0 3 <  0 . 1 <  0 . 1 < 1
F a l l 1 1 . 6 0 .1 7 0 .8 7 0 .0 5 0 . 2 0 . 1 1
W inter 4 2 . 8 0 .7 0 1 . 2 0 0 .3 5 <  0 . 1 0 . 2 6
N orth  Fork S p rin g 36 5 3 .6 13 .20 1 6 .30 1 .9 5 7 .0 1 . 0 137
W alnut C reek Summer 1 2 .4 2 .2 4 2 .5 5 0 .2 8 1 . 1 <  0 . 1 9
F a l l 3 3 .8 1 .3 0 0 .5 2 0 .2 6 0 . 1 0 . 2 14
W in ter 3 2 .7 1 .62 3 .0 8 0 .9 5 1 . 0 0 . 2 45
W alnut C reek S p rin g 74 145 .0 30 .00 5 6 .60 4 .9 0 7 .4 16 .5 2538
Summer 1 2 7 .8 6 .05 6 .3 0 1 .1 8 1 .4 <  0 . 1 434
F a l l 6 11 .9 2 .3 3 1 .2 6 0 .6 0 1 . 2 0 .5 27
ro
